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a Rubber Director Bradley Dewey re- 
ported that synthetic rubber plant equipment was 
designed for a life of five years, many accepted 
the statement as evidence that the industry is not 
expected to survive the. war emergency. 
More recently the President has spoken 


On Its 


hs against a tariff on natural rubber, also 
Merits 


accepted as evidence of temporary status 
for synthetic elastics. 

Neither is conclusive. It is doubtful that plants 
should have life of five years. Men will learn so 
much within less time that obsolescence would dis- 
tard equipment long before its normal use. New 
methods will be so much more efficient that it will 
be economical to rebuild, something that the war 
may forbid. 

As for the tariff, some have contended that the 
synthetic industry should be protected as an assur- 
ance that the United States will not be shut off 
from natural rubber by conquest. If protection 
Were the only aSsurance of maintaining a syn- 
thetic industry it would be justified. 

But synthetic rubber is winning a place and 
Will hold it whatever the life of plants or the com- 
ing of a tariff, It simply has characteristics supe- 
for to natural rubber and economy will maintain 
a industry of some proportion. In all likelihood 
its magnitude will be sufficient to assure rubber 
for a war, regardless of conquest in the Far East. 
For proof here is part of a report from The 
Goodyear Tire & Rubber Company: 

“In many cases exhaustive tests of these prod- 
Uets (belts, rolls and moulded products) in which 
Synthetic rubber was used instead of natural, have 
Shown the former to be superior. This applies in 
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particular to products where resistance to oil, 
acids, detergents and similar materials is desirable. 
In addition we have found that synthetic rubber 
for mechanical rubber goods also withstands wider 
temperature ranges.” 

The experience of other rubber manufacturers 
is similar. These concerns may return to natural 
rubber when it is available. They will continue to 
use synthetic elastomers where superior qualities 
justify. They will adapt synthetic rubber to uses 
now not contemplated for any sort of rubber. 

Synthetic rubber is here to stay. Whether it 
stays as a companion of natural rubber is beside 
the point. 


|) ee up again is the proposition of better 
relationship between the petroleum industry and 
the public. The theme was evident in many of 
the deliberations of the twenty-fourth annual 
meeting of the American Petro- 
leum Institute, which is determined 
to set up a program of information. 

The fact that the subject is one 
of concern is evidence that many 
in the industry are not satisfied with the opinion 
the public holds. It is possible for the public to 
have an improper opinion of the industry, since 
the people of the United States have little oppor- 
tunity for learning directly of the industry and 
how it operates. 

What to tell the public is difficult to determine. 
This arises, no doubt, because within the industry 
there are divergent views as to what should be 
told. Herein may be a theme. The industry is not 


One Story 
To Tell 
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of one mind. It is competitive and many hold that 
it should remain so. 

The attitude toward a subsidy for exploration 
would indicate that the industry as a whole wants 
to cling to the status of free enterprise and remain 
competitive. There is little doubt that the public 
holds a contrary viewpoint. Too many buyers of 
gasoline are convinced that the price of gasoline 
is determined somewhere in one mysterious office 
to leave doubt of the public viewpoint. It simply 
does not comprehend what competition means to 
the industry. 

This story can be told in many ways. It is not 
all that the public should know. But a public 
convinced that the industry wants to remain com- 
petitive will be a more friendly public. 


Now that triptane is much in the news, it 
might be of interest to put on the record the 
story behind the title it now bears. In 1928 George 
Calingaert of Ethyl Corporation made all the 
heptanes so that their power outputs 
could be studied. Results were such 
that, when the need for a standard to 
test fuels of higher output than iso- 
octane was beginning to be felt in 
1934, the outstanding heptane of the 1928 experi- 
ments was considered. It was 2,2,3-trimethylbu- 
tane. To avoid the nomenclature confusion 
experienced with the octane standard, Calingaert 
decided to coin a name for the material and came 
up with the present name “triptane.” The “tri” 
portion is easily understood but the “ptane” end- 
ing is harder to trace. After considering the name 
“tribtane” it seemed more pleasing phonetically 
to Calingaert to use the present title. 

“It’s a dull story that has no sequel but Cal- 
ingaert is sorry to this day that he did not call the 
material ‘chazane,’ after his professor of organic 
chemistry, Chazanne, who, incidentally, was the 
first person to synthesize the compound.”—/ndus- 
trial and Engineering Chemistry. 


And So 
Named 


| and fanfare being what it was, 
still the fact that it was necessary for the crews of 
“Old Hellcat” and “Desert Warrior” was admis- 
sion of sorry cooperation by the men who are 
building aviation gasoline plants. 
The flyers brought their famous 
airplanes back from the front and 
made a tour of refining centers under 
the admitted objective of stimulating 
construction activity. 

Why should men who are building plants need 
encouragement? If their chief concern is wages 
or hours of work, there is something lacking in 
the war effort. 


Journey 
Reversed 
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It would be more fitting if the men on construc- 
tion work named committees who would visit the 
aviators and give assurances that there will be 
ample fuel for all the airplanes that are needed to 
end this war..When men, after coming through 
the hazards of combat, have to go begging for fuel 
there is a cog missing in the American way of life. 


\\ HEN the idle plants and the junk yards of 
an area fall victim of the cutting torch to the end 
that welding rod fashions another processing unit, 
the accomplishment deserves only praise. Buta- 
diene units, refining units and 
natural-gasoline plants have been 
put together after that fashion, 

Counting the cost has been sec- 
ondary. A plant that must be 
built without benefit of priorities throws normal 
economy out of gear. A going plant is the only 
consideration. 


But Not 
Cheap 


Fortunately cost counters have been keeping in 
touch with these essential accomplishments. Most 
of the studies reveal that fabricating from old 
equipment is not the cheapest construction. The 
plants could be built for less money by turning 
the design over to fabricators of new equipment. 

Doubtless the new plant built would be more 
efficient. 

In case the refining industry has been critical 
of its former practice of building new. equipment 
to match new processes, it can accept the practice 
as true economy. When the emergency of equip- 
ment is over the industry will revert to new fabri- 
cation, permitting old units to enter to secondary 
uses or to the steel industry as scrap. 


A DRAMATIC story of cooperation between a 
manufacturer and an oil company was told in an 
advertisement in last month’s PETROLEUM REFINER— 
the story of a hurricane which destroyed 56 bays 
of a Shell cooling tower at Houston, 
the story of how the Fluor Corpora- 
tion went on a 68-hour week out in 
California. and shipped 56 cars of 
cooling towers by express to Houston 
in order that one of the nation’s vital plants get 
back on stream with minimum loss of time. 

The oil industry salutes such all out, effective 
exertion. 

The oil industry is accustomed to doing the 
impossible, with dispatch, and is accustomed to 
finding its auxiliary arm—the manufacturer, out 
in front in intelligent appreciation of the indus 
try’s problems. Such cooperation has worked won- 
ders in the past—and an equally wonderful future 
lies ahead of us. 


Team 
Work 





unit: 
may 
and, 
abot 
ing 

coar: 
the 1 
of al 


inclu 
ative 
in th 
for | 
varic 
Thes 
appli 


mari 


Th 
thou; 
place 
Unti 
teria! 





EK 


Sleds 


Petroleum Refiner—Vol. 22, No. iNovem 










































Recent Developments in 

















uel e 
: rocessing 
of T. P. SIMPSON, L. P. EVANS, C. V. HORNBERG and J. W. PAYNE 
“a Socony-Vacuum Oil Company, Inc. 
nit, 
ee Tur catalyst now being used in commercial TCC D 
units is produced from natural clays. The catalyst A 
cen § may be in the form of granules or pellets (Figure 4) T THE meeting of this Institute in Chicago last year 
L. and, broadly speaking, covers sizes ranging from A ae Mpls yg gy an ae ae 
ec- about 4- to 60-mesh. Improvements in manufactur- Sinee that these thane Madde “the = innieas al nwa 
be ing methods have resulted in the production of ments in the equipment and processing technique em- 
‘a coarser and more rugged types of clay catalyst, and ployed in the process. The development and applica- 
the materials now used commercially fall in the range tion of new types and forms of catalysts have head a 
nlv — Ce . profound influence on the design of both the reactors 
: of about 4- to 10-mesh size. = F and regeneration systems. In addition, a number of 
The use of clay catalysts offers certain advantages, newly developed devices have been applied to im- 
in including their availablity in large quantities and rel- prove the operating characteristics of the equipment. 
atively low cost. These are important considerations Most of these changes have resulted in simplification of 
ost in the present emergency in view of the urgent need design and better plant performance. It is the purpose 
old rag : : of this paper to describe these improvements insofar 
. for large volumes of catalyst required to charge the as is permitted by prevailing conditions. 
The various TCC units now being rushed to completion. This paper was presented to Division of Refining, 
ing These catalysts also are attractive for certain special Pulvclnnes eiehees Sees cue ta 
nt. & applications, as in TCC operations conducted pri- 
sc marily for high butylene production. 
Bead Catalyst : ee : eer 
ical The er er f us; h Q notably with respect to attrition resistance, to justify 
e general advantages of using the more active, their use in TCC units, This prompted Socony- 
ent though more expensive, synthetic-type catalysts in Vacuum Oil Company to undertake extensive re- 
‘ice ff Place of clay catalysts have long been recognized. search work on synthetic catalysts, The ultimate re- 
1ip- an ete pref C8 ee sult of this work was the invention of a new material, 
al. eriais have not had suitable physical characteristics, known as the “bead” catalyst, which is unique in 
see — ss shape (see Figure 4), and is outstanding with respect 
: | Wh = to both physical ruggedness and catalytic activity. 
ios ¢ . This catalyst derives its name from the fact that it is 
a = rags produced in the form of small spherical particles re- 
jue q & 1 oe sembling translucent glass beads. 
i ie + Si. ag The phenomenal ruggedness and resistance to at- 
jj lames ac : trition which this catalyst possesses can be demon- 
nit pice Sie en | strated in many ways. An individual bead with a 
R— 7 aig Pay diameter of % inch will support an average load of 
ays about 200 pounds, and a mass of beads in a column 
‘on, ‘8 will support a load of about 3000 psi before crushing. 
vra- In a jet test, where the beads are carried in an air 
‘ stream at a velocity of 100 feet per second and im- 
ee pinged against a vertical steel plate, they show no 
. breakage and only 3 percent wear after passing 
ton through 90,000 cycles. We have not been able to find 
get any cracking catalyst which approaches the beads in 
regard to either strength or resistance to wear. 
a The composition or method of manufacture of this 
ac catalyst cannot be disclosed at this time. . 
the Equipment Modifications 
to Commercial TCC reactors were originally designed 
out with an internal baffle system to provide high 
lus- throughput capacity combined with efficient contact 
aake between oil vapors and catalyst. However, with this 
aA design the proportion of the total reactor volume 





FIGURE 1 
Typical Laboratory TCC Pilot Plant. 





occupied by the catalyst is reduced by the presence 
of the baffle system. Moreover, the quantity of the 
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catalyst in the unit cannot be varied to provide maxi- 
mum flexibility. Thus, although reactors of this type 
can be designed to operate at any specified space 
velocity, they cannot be operated below the designed 
space velocity without decreasing oil throughput rate. 
The first commercial TCC reactors being installed are 
of the baffled type, and will be operated on gas-oil 
cracking with clay catalyst which may later be 
changed, however, to the synthetic bead catalyst. 
Recent catalyst developments have made it possible 
to design reactors of high throughput capacity which 
require no baffle system for obtaining intimate con- 





FIGURE 2 
Commercial TCC Installation with Two Reactors and 
Regenerators—Capacity 20,000 Barrels of 
Gasoil Charge Per Day. 


tact between oil vapors and catalyst. The elimination 
of internal baffling increases the effective volume of 
the reaction zone, and permits wide flexibility with 
respect to space velocity. All of the recent commercial 
TCC reactors are of this improved type. As an added 
feature of flexibility, the reactors can be adapted to 
either countercurrent or concurrent flow. 


Catalyst Feed System 

The catalyst feed system of present TCC units is 
designed to permit continuous flow of catalyst from 
the atmospheric part of the unit into the reactor, 
which operates at pressures up to 15 psi, gauge. The 
system employed comprises a feed leg especially 
designed to provide maximum operating pressure for 
a minimum leg height. 


Kilns 


The thermofor kiln described in last year’s paper’ 
is typical of that used successfully in the reactivation 
of spent fullers earth. This kiln is of the spiral finned- 
tube type employing a circulating molten-salt heat- 
transfer medium for temperature control. 

The kilns in commercial TCC installations are of a 
radically different and simplified design. This new 
type of kiln is much cheaper to construct, more 
flexible in operation, and requires a minimum of alloy 
metals. Control of regeneration temperatures is ex- 
cellent, and is achieved without recirculation of either 
flue gas or catalyst. The surplus heat developed in 
catalyst regeneration is utilized to produce high- 
pressure steam. The kiln operates at substantially 
atmospheric pressure, and requires only low-pressure 
blowers to supply the regeneration air. The atmos- 
pheric-pressure operation eliminates the necessity of 


* Aviation Fuels Division, CFR committee. 
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employing a catalyst feed leg as is necessary in the 
reactor. 
Catalyst Flow Distribution 


In order to secure’ a uniform’ contact between 
catalyst and vapors in TCC reactors and kilns, it js 
essential that the catalyst flow be uniform in all parts 
of the vessel. This has been achieved by means which 
also effect a convergence of the catalyst flow to one 
outlet point, thus permitting the use of a single 
drawoff pipe. 

Products 


The improvements in the TCC equipment and 
catalysts discussed hereinbefore have been paralleled 
by equally important developments in the application 
of TCC processing to the catalytic conversion of 
petroleum fractions. At present the TCC process is 
playing a vital role in the manufacture of high-octane 
aviation gasoline, of butylenes for the production of 
synthetic aviation blending agents and synthetic rub- 
ber, and of other essential war products. After the 
war TCC plants also will be utilized for the produc- 
tion of motor gasoline. 

The application of the TCC process to the produc- 
tion of aviation-base stocks was discussed briefly in 
last year’s paper.’ The original processing scheme 
comprised TCC cracking of gas oils over clay catalyst 
followed by once-through TCC treating of the result- 
ing motor gasolines. This operation yields aviation- 
base stocks having leaded (4 ml) octane ratings rang- 
ing from 94 to 97 (AFD*-1C) depending on the nature 
of the gasoil charge stock. Moreover, the aviation- 
base stocks require little or no finishing treatment to 
meet gum, color, and sulfur specifications. 


4 
i 


| 
} 
} 
’ 





FIGURE 3 
Flow Diagram of TCC Process. 


As as result of recent developments, substantial im 
provements have been made in the application of the 
TCC process for the production of aviation-gasoline 
base stocks. Chief among these developments are: 
a. The invention of the bead catalyst described prt 

viously herein. 

b. The application of improved processing technique 
in the treating step. 

. The extension of TCC processing to include a wide 
variety of charging stocks, other than gas oils, 
well suited for aviation production. 

Bead catalyst is the most important of these de- 
velopments, and makes possible significant gains ™ 
the manufacture of aviation-base stocks. With respet 
to the present aviation-fuel program the substitutio 
of bead for clay catalyst will permit a large increas 
in plant output or a substantial rise in quality level. 
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Although bead catalyst produces aviation-base 
stocks of exceptional quality in conventional multi- 
pass operation, its performance in one-pass operations 
js equally striking. For example, by one-step process- 
ing of properly selected charge stocks over bead 
catalyst it is possible to produce good-quality avia- 
tion-base stocks for direct blending in high-grade 
aviation gasolines. This provides considerable flexi- 
bility in processing, and may be translated into sub- 


A. Clay granules. B. Clay pellets. 

stantial economic advantages either for wartime or 
postwar operations, 

Further improvement in two-pass processing tech- 
tique for the production of aviation-gasoline-base 
stocks has been made possible by combining the 
advantages of the bead catalyst and the new type 
feactor. Briefly, the improved technique results in 
greater yield per unit volume of charge stock, greater 
production per unit of TCC capacity, and higher 
quality of the product. 

The application of catalytic cracking for motor and 
aiation-gasoline production has been based almost 
clusively on the utilization of gasoils as charging 
stocks, With the current emphasis on aviation fuels, 
tis only natural that efforts should be directed 
‘ward finding additional sources of charge stocks 
‘specially suited for aviation-gasoline production. 
Xecent TCC development work has demonstrated the 
‘uitabiiity of a number of stocks for this purpose— 
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stocks which are common to many refineries but 
which have hitherto been diverted to motor gasoline 
or other products. 

Among the most attractive of these stocks are the 
light and heavy virgin naphthas. Catalytic reforming 
of these stocks in TCC units over bead catalyst pro- 
duces exceptionally high yields of aviation-base 
stocks having leaded octane ratings of 98 to 100 
(AFD-1C). Moreover, the products have well- 





FIGURE 4 
Typical Catalysts. 


C. Synthetic pellets. D. Synthetic beads. 


balanced boiling ranges, and meet all other aviation- 


‘ gasoline specifications ; hence, they may be considered 


as excellent aviation fuels by themselves, being equal 
to or superior to alkylate and similar synthetic fuels 
in many respects. The processing conditions required 
to obtain the optimum results vary according to the 
boiling range of the charge stock, but the TCC 
process has adequate flexibility to meet any choice of 
conditions without loss in efficiency or throughput 
capacity. Thus the TCC process opens up still another 
field of processing which can be done more effectively 
by catalytic than by conventional thermal means. 

In addition to virgin gasoils and light and heavy 
naphthas, the range of potential charging stocks suit- 
able for TCC processing to aviation gasoline has been 
extended to include a variety of processed naphthas. 
These include products obtained by thermal reform- 
ing, polyforming, and hydroforming of virgin naph- 
thas. Such stocks may be TCC-processed either over 
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TABLE 1 


Properties of Typical Aviation Gasolines from TCC Processing of 
Gasoils over Clay Catalyst 











Source of Gasoline............ Napththenic Paraffinic —— 
Gasoil Gasoil S 
Gasoil 
ONE eek ads kansas s Cracking | Treating | Cracking | Treating | Treating 
* Properties of 7-lb. Aviation 
_ Gasoline: 
Gravity, . SGP SSE AS 63.1 56.5 67.7 60.9 60.1 
Reid ~— pressure, Ib...... ‘i 7.1 ” 7.2 “ 7.0 . 7.0 o 6.9 
Bege es bb sie sd 00 be egative | Negative | Negative egative egative 
Mercaptan-sulfur test........ Negative | Negative | Negative | Negative | Negative 
Acid heat, °F............... 67 12 92 14 35 
Bromine No. ‘ie eedaké 7 66 | 179 
ur, percen weight.... 0. . . . 
Accelerated 5-Hour Gum 
Milligrams — 100 ml 
Inhibited ESSE Se Bae Gee 4 5 
Octane No. (AFD-1C):* 
Without addition of TEL 75.8 81.9 744 79.4 79.0 
Pius 3 ml TEL per gal... 87.3 95.9 85.1 94.3 91.7 
Plus 4 ml TEL per gal... 89.5 97.7 87.5 96.3 94.0 
TM distillation, °F.: 
Initial boiling point... ...... 108 106 106 105 107 
5-percent point............ 131 131 130 129 128 
10-percent point............ 139 140 138 140 136 
it point ‘SPS 150 154 150 153 148 
30-percent poms. ........... 164 169 165 165 160 
40-percent point........... 181 188 180 182 180 
50-percent point............ 207 198 200 202 
60-percent point............ 216 228 213 223 227 
70-percent point............ 230 246 224 243 
80-percent point............ 245 263 239 259 268 
ocereems | Sea 278 260 277 284 
E ities 6 dadecd 304 302 302 305 320 
ry, percent by volume. 98.5 98.0 98.0 98.0 98.5 
Loss, percent by volume..... 0.5 1.0 1.2 1.0 0.7 




















*AFD-1C=1C method. Aviation Fuels Division, CFR committee. 


clay or bead catalyst to yield high-quality aviation- 
base stocks. 

Thus far the developments incorporated in the 
TCC process have been discussed primarily from the 
standpoint of improving aviation-gasoline production. 
However, the improvements are of a basic nature 
and, therefore, enhance no less the value of the 
process for motor-gasoline production. 

As was pointed out in the previous paper,’ motor 
gasolines of consistently high quality can be pro- 
duced by TCC-cracking gasoils over clay catalyst. 
The clear CFR motor octane number of the motor 
gasolines normally produced in such operations 
ranges from about 77 for paraffinic to 82 for naph- 
thenic stocks. However, both the yield and octane 
number of the gasoline can be varied somewhat by 
changing the severity of the operation. In this con- 
nection, it may be noted that the lighter the charge 
stock, the more severely it can be cracked within the 
coke-burning limits of the catalyst regeneration sys- 
tem of the TCC plant, thus permitting an added 
degree of flexibility with respect to the yield and 
quality of the gasoline produced. 

With bead catalyst, it is possible to obtain still 
higher yields and quality of motor gasoline from a 
given cracking stock. The improvement in yield by 
substitution of bead for clay catalyst is directly 
related to the higher activity of the bead catalyst, 
while the CFR motor rating of the product is several 
octane numbers higher than that from comparable 
operations on clay catalyst. As applied in TCC 
processing, bead and clay catalysts are both good 
desulfurizing agents, with a slight advantage in 
favor of the beads. Motor gasolines from bead- 
catalyst operation are also of considerably better 
volatility than from clay. The overall advantage of 
the bead catalyst in terms of increased production, 
saving in tetraethyl lead, and reduced finishing costs 
thus marks a high standard of performance in the 
field of catalytic processing for the production of 
motor as well as aviation gasolines. 

Many of the developments made in connection with 
utilization of charge stocks other than normal boil- 
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ing-range gas oils for aviation-gasoline production 
apply equally to motor gasoline. For example, pre. 
liminary but unpublishable data indicate attractiye 
possibilities for TCC reforming of certain straight. 
run naphthas and viscosity-breaker gasoline for 
motor-gasoline production. In addition, the TCC 
process can be adapted to the conversion of low- 
grade stocks of high boiling range, such as are ob- 
tained from crude reduction, viscosity-breaking, and 
coking operations, into motor gasoline and other 
useful products. 

The TCC process also can be applied to advantage 
in refineries already having installed catalytic capac- 
ity (of the TCC or any other type) to increase their 
production of aviation or motor gasoline by process- 
ing cycle stocks obtained as byproducts from exist- 
ing catalytic cracking operations. Due to their greater 
refractoriness, these cycle stocks produce somewhat 
lower gasoline yields than the corresponding virgin 
gasoils, but the products are of high quality. 

Reviewing these various developments, it is evi- 
dent that the TCC process now offers the unique 
possibility of utilizing substantially all crude dis- 
tillate fractions to produce high-octane aviation-base 
stock and useful byproducts, with little or no auxili- 
ary processing other than fractionation. In the manv- 
facture of motor gasoline the same latitude in choice 
of stocks exists and, in addition, the output of motor 
gasoline from a given TCC unit is much greater than 
that of aviation gasoline due to the wider boiling 
range of the product and the elimination of treating 
operations. This broad application of the TCC process 
involves utilization of stocks from paraffinic, naph- 
thenic, and mixed-base crudes of both low and high 
sulfur content. The process is thus destined not only 
to play a vital role in supplying the present and 
future high-octane fuels, but also will be an impor- 
tant factor in conserving our petroleum resources. 
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TABLE 2 


Properties of Typical Motor Gasolines from TCC Cracking 
of Gasoils over Clay Catalyst 














| 
High- 
Naphthenic* | Paraffinict Sulfurt 
Gasoil Gasoil Gasoil 
Properties of 10-lb. Motor Gasoline: 
nl SNE ERS gn eT 52.7 60.6 | 55.2 
Reid vapor pressure, Ib..................200- 9.5 9.6 | 10.2 
Sa aa rrers rere Negative Negative | Positive 
Mercaptan-sulfur test....................05- Negative | Negative | Negative 
Copper-dish gum, mg per 100 ml............. 10 16 20 § 
Glass-dish gum, mg per 100 ml............... 2 1 53 
Oxygen-bomb test, hours and minutes......... 8:30 } 12:30 =| enw aes . 
Sulfur, percent by weight.................... 0.025 | 0.028 0.106 
Octane No.: 
CFR motor method (without TEL addition)... 82.0 76.9 78.6 
CFR research method: 
MRI os cots oy is dacs occees. 92.0 84.1 85.0 
With 1 ml TEL per gal................. 96.5 91.9 | 885 
With 2 ml TEL per gal................. 98.5 93.7 | 90.1 
With 3 ml TEL per gal................. 99.2 95.1 | 91.0 
ASTM distillation, °F.: 
Initial boiling point.....................205. 88 90 93 
i. ccs sincu veces bacdavele 110 110 118 
NS 88 oes cape eteess 125 121 140 
rere 156 145 168 
oe aries oaskcteveksces¥.ceae 198 im | = 
NS oii ala ale sudieide bare hele ee 237 209 237 
MII oie ooc cnc an'e ad sinteus 267 243 = 
ER ici dh vdanscpudds od one eben 294 276 _ 
RE Na nee res 322 307 | 
PIR Soir sic Cuch e che seus dceees 346 337 * 
IN i bao tor, .canecoes 369 376 * 
ER OST Oe pees ere 410 404 975 
Recovery, percent by volume................ 97.5 97.5 18 
Loss, percent by volume..................... 13 1.5 : 
——= 








* Aniline point, 145° F. 

+ Aniline point, 176° F. , ; 154° F 

t This charge stock had a sulfur content of 1.9 percent by weight; aniline point, 19° 
§ Gum values after inhibiting with one part of alpha naphthol for 5,000 parts of : 
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nique § simplified and improved design, was recently brought pate See OeNe 0 SE eons cme 
= dis- f onstream. More than 30 of such plants are being thetic rubber, and toluene. The latest of pa jane 
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ating § lished the Fluid catalyst process as an economical ate os ons pauits one Gane at Bet hte, 
‘ocess § basic cracking installation for producing aviation Motor fuel produced in commercial operation has 
naph- § fuels, particularly in terms of critical material re- shown a CFR research octane number of 92 to 96 
high § quirements. It is the purpose of this paper to pre- a = ro asd eg: go nas oe oe - 
. only § sent, insofar as war restrictions permit, some tech- pomeetio eas pies Bie gunn ov rome (100 aaiiueae 
t and § nical aspects and results of the commercial develop- C.) range from 45 to 55 percent on gas-oil feed. 
mpor- § ment of the Fluid catalyst process, and to review Pilot-plant data indicate that, if recycle catalytic 
urces. § typical applications of this process that have, or cracking is employed, an ultimate yield of approxi- 
"s ; . . ee mately 80 percent may be obtained. Continuous hydro- 
will be, made in the production of premium aviation genation of the cycle gasoll in recycle catalytic crack- 
and motor fuels. ing is estimated to produce an ultimate yield of ap- 
atalytic proximately 100 percent of motor fuel on virgin feed. 
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eens ey tor amjiation tone ton peated Wels a. Same 
The first commercial Fluid cracking units to be feed stocks under a wide range of temperatures in 
ing put into operation were designed before the entrance commercial operations. Results are shown for single- 
of the United States into the present war, and were end gee Og ee ee 
Re I ; present , y single-pass catalytic cracking, yields of 66 percent of 
: planned for normal peacetime production of premium specification 100-octane aviation fuel on original gas 
High motor fuels. Engineering design of the first of these oil can be obtained from combined Fluid cracking, alky- 
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102 as well as in intermittent, fixed-bed operations. The Petroleum Institute, Chicago, November 11, 1943. 
sti ust commercial plant was placed in operation at the 
2”; —} Baton Rouge refinery of the Standard Oil Com- 
°* @ pany of Louisiana. 
og Initial operations at the Baton Rouge plant of rubber and alkylation, in addition to light paraffinic 
8 | necessity were conducted for the production of and heavy aromatic aviation-gasoline components. 
0 — motor gasoline employing a natural clay catalyst, Two other Fluid plants, of essentially the same 
wo inasmuch as the synthetic catalyst required for war- design as the Baton Rouge unit, are in operation; 
7 Products operations was not available at that time. one at the Baytown refinery of the Humble Oil & 
S For a period of 54 days, heavy wide-cut paraffinic Refining Company, and the other at the Bayway 
mn gasoils were processed continuously with but one plant of the Standard Oil Company of New Jersey— 
199 short shutdown for routine equipment inspection. both producing alkylate feed stocks and aviation 
2 €rlormance of the plant in general was smooth, and_ gasoline. The Bayway plant currently is producing 
35 Was characterized by easy control of catalyst flow aviation gasoline of higher quality by subjecting the 
350 and process conditions. After synthetic cataylst had material from the cracking unit to further catalytic 
= become available, and following minor revisions to processing. 
m8 the cata yst-recovery system, the unit was brought New improved and simplified designs have been 
anim *nstrear for war-products production—subsequently developed, particularly in the catalytic section. Oper- 
y oral continuously for five months without a ating experience to date with this type of unit, on 
ae shutdoy Currently, the Baton Rouge unit is full commercial scale, has demonstrated even greater 
sain.  CPCTatin:: once-through — producing butylenes for flexibility and ease of control for this design as 





Vo. 1 Novembe 








1943—A Gulf Publishing Company Publication 


{357} 87 





compared to the first. Upon completion of the 
planned installations of Fluid plants of this general 
type, the installed capacity of Fluid .catalyst crack- 
ing will exceed that of any other catalytic cracking 
process, 

Typical commercial operating results, both process 
and mechanical, are presented and discussed in sub- 
sequent sections of this paper. 


Description of Commercial Plant 


Fluid-catalyst cracking plants embody a new chem- 
ical engineering technique wherein solids are handled 
in a “fluid,” or freely-moving, state such that a 
solids-mass can be circulated much in the same way 
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FIGURE 1 
Fluid Catalyst Cracking Plant 


as a liquid. A description of this technique was pub- 
lished in an earlier article. Practically, the application 
of this technique in the catalytic cracking of petro- 
leum has resulted in substantial simplifications in 
design, and operating ease over conventional fixed- 
bed processes, and also has imparted to the Fluid- 
type catalytic plants a degree of flexibility in con- 
trol of operating variables such as has not been 
heretofore possible with either the fixed- or the 
moving-bed type of catalytic plants. A simplified 
flow diagram illustrating the essential features of the 
first commercial Fluid catalyst plant design is pre- 
sented in Figure 1. 

A Fluid plant, as indicated in the diagram, is com- 
posed of essentially three sections: viz, cracking, re- 
generation, and fractionation. The cracking reaction 
takes place continuously in one reactor, the spent 
catalyst being removed (and replaced) continuously 
for simultaneous regeneration in a separate vessel. 
Continuity of flow of catalyst, as well as of oil, thus 
is accomplished—with the result that the character- 
istic features of fixed-bed designs involving~ the 
intermittent shifting of reactors through cracking, 
purging and regeneration cycles are eliminated, The 
flow through the plant is as follows: 

Regenerated catalyst from.a storage hopper flows 
by gravity down through a standpipe wherein a pres- 
sure head is built up on the catalyst. The latter then 
is injected into the fresh oil vapor which carries the 
catalyst to the cracking reactor. The velocity in the 
reactor is low so as to maintain a high concentration 
of catalyst, and cracking occurs with a subsequent 
deposition of carbon on the catalyst. Although high 
concentrations of catalyst are obtained in the re- 
action vessel, the solid-gas mixture is extremely 
turbulent and resembles a boiling liquid in many 
respects. The mixture of cracked products and spent 
catalyst from the cracking zone are separated in 
dust-recovery equipment. The cracked products flow 
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to fractionating equipment for separation into desired 
components. The spent catalyst drops into a storage 
hopper, flows down a standpipe, is picked up by 
an undiluted air stream, and is carried to the re. 
generator in which carbonaceous deposits are te. 
moved by combusion. The mixture of flue gas and 
catalyst from the regenerator are separated, the 
catalyst dropping into the regenerated catalyst hop- 
per to complete the cycle. 

The heat evolved from the combusion of the car. 
bon deposited on the catalyst is utilized to preheat 
gasoil feed and also to produce steam. In order to 
avoid excessive temperature increase in the regen- 
erator, catalyst is recycled through a separate stand- 
pipe and through oil coolers, as shown in Figure 1. 
Subsequent development has indicated that it js 
feasible, moreover, to dissipate a greater portion 
of the heat of combustion to the preheating of fresh 
feed by introducing the hot catalyst. directly into 
the cold oil, eliminating thereby the need for ex- 
ternally-fired vaporizing equipment. 

Operation of the Fluid cracking plant is virtually 
automatic. The rate of catalyst flow, for example, is 
controlled by a mechanism actuated by changes in 
the density of the catalyst-oil mixture. Flow of 
catalyst to regeneration is regulated by the level of 
catalyst in the spent-catalyst hopper. Similarly, re- 
generation temperature is governed by automatic 
control of the quantity of catalyst circulated through 
the heat exchangers. 

Reaction temperatures can be varied by the quan- 
tity of heat applied to the oil in the furnaces and 
also very substantially by the amount of hot catalyst 
circulated. Liquid or vaporized stocks are processed 
with equal ease. In commercial operations, reactor 
temperatures have ranged from 800° to 1000° F. 
Regeneration temperatures similarly can be varied 
widely, and are maintained normally between 1000° 
and 1200° F. The depth of cracking may be governed 
independently of temperature by the ratio of catalyst 
to oil flow and by other process variables. Because 
of the method employed in handling the catalyst, 
exceptionally large amounts can be circulated, per- 
mitting great variation in the intensity of treatment. 
High cracking temperatures, above the range normal- 
ly possible by other processes, are readily ob- 
tained through the high catalyst circulation in the 
Fluid process. These features are of considerable 
importance, inasmuch as the character of products 
resulting from catalytic cracking is affected exten 
sively by both temperature and conversion level. — 

In general construction, Fluid catalytic cracking 
plants do not differ a great deal from conventional 
low-pressure refinery equipment. Carbon steel has 
been used for the most part in the plants, and most 
of thé equipment is of conventional type. Moreover, 
the plants are characterized by the absence of timing 
devices and mechanical equipment for circulating the 
large quantities of catalyst. No unusual equipment 
has been designed to combat erosion, because this 
has been controlled primarily by proper choice o 
velocities, streamlining, and use of protective wear 
plates. = 

The newer design Fluid plants differ 
major respects from that typified in Figure 
a consequence, are simpler and more compact 
design and in construction, in addition to being 1 
herently more flexible in operating charactertsts. 

The basic soundness of the Fluid catalyst tech- 
nique as applied to the cracking of petroleum 4 
been amply demonstrated by present commercial ex 
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perience. Continuous runs of as long as five months 
have been achieved, and six months’ maintenance 
requirements for the initial operations of the Baton 
Rouge and Bayway plants—which include minor re- 
yisions to equipment—have been found to be at the 
rate of 5 to 6 percent per year of the capital invest- 
ment. Normal requirements should thus be con- 
siderably below thermal cracking. 

The recovery of catalyst, in general, has been 
satisfactory, despite periods in which high losses 
were experienced because of faulty mechanical con- 
ditions in the dust-collecting equipment. In 9 months 
of operation on the Baton Rouge unit, actual catalyst 
losses averaged about 0.4 pounds per barrel of feed. 
This figure includes rather high losses in the start- 
ing up of the unit, which should be eliminated with 
future experience. On the Bayway unit overall losses 
during the past 4 months have shown an average of 
0.26 pounds per barrel. This included one turn- 
around period during which higher losses are nor- 
mally obtained. Losses on this unit for the past 
month have averaged 0.12 pounds per barrel. Minor 
improvements and adjustments to the catalyst-recov- 
ery equipment in all plants are being continued to 
achieve better efficiency, and it is expected that 
catalyst losses from a large commercial Fluid catalyst 
unit ultimately will be around 0.15 pounds per barrel. 

Maintenance of catalyst activity in the commer- 
cial plants has been satisfactory. Inasmuch as a con- 
tinuous replacement of catalyst inventory occurs by 
the addition of fresh catalyst to replace losses, Fluid 
catalyst achieves what might be termed an equilib- 
rium activity, and no replacement of the total in- 
ventory is made periodically as with conventional 
fixed-bed catalyst processes. The catalyst in most 
of the commercial Fluid units has reached this state, 
and its performance as regards cracking ability and 
product distribution has been in accordance with 
expectations, 

The flow of fluidized solids in commercial opera- 
tion has been characterized by the same smoothness 
and ease of control experienced in the pilot-plant 
development work. Erosion of equipment by the 
circulating catalyst has not been serious. Such 
erosion as has been found is being reduced progres- 
sively, and it is expected that this factor ultimately 
will be virtually eliminated. Repair-materials re- 
quirements for the Baton Rouge and Bayway units 
have been at the rate of 0.8 to 1.7 percent per year 
of the capital investment. 


Motol-Fuel Operation be 

Catalytic cracking for motor-gasoline production 
normally is carried out by contacting light- or 
heavy-crude fractions with catalysts at moderate 
temperatures in single-pass operations. Commercial 
Fluid operations for motor fuel to date have been 
limited to brief periods with the purpose of establish- 
ing operability of equipment before proceeding with 
regular war-products operations with synthetic cata- 
lyst. The initial period of operation at the first Baton 
Rouge plant, however, was of sufficient length to es- 
tablish the yields and quality of products on a large- 
scale production basis. 

he wide-cut paraffinic gasoil processed in the 
Baton Rouge plant during this period resulted in 
the Product distributions as indicated in Figure 
*. Cracking temperatures and depth of cracking, 
both of which were varied over relatively wide 
ranges, cach have an effect on the yields of various 
‘omponents. With a given temperature, motor-gaso- 
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line (100 per cent C,) yields ranging from 43 to 53 
percent were obtained depending on the level at 
which conversion was maintained; dry-gas and car- 
bon production increased simultaneously, at the ex- 
pense of yield of the heavier products. Cracking at 
higher temperatures resulted in a decrease in motor- 
fuel production, with a corresponding increase in 
dry gas, for a given conversion of gas-oil feed, 
Quality characteristics of the motor fuels and 
heating oils which correspond to the yields presented 
are summarized in Figure 3. Anti-knock quality of 
the motor-fuel product (with no addition of TEL 
and with a Reid vapor pressure of 10 pounds) ob- 
tained from cracking operations at moderate tem- 


perature with the paraffinic gasoil showed a CFR-R, 


octane number of approximately 92, regardless of 
conversion level. Operations at high temperature, 
however, resulted in a higher-quality product, viz., 
one with a CFR-R octane number of approximately 
94—presumably because of the larger amount of 
olefins in the naphthas thus produced. The addition 
of 3 ml per gallon of TEL to 2 typical motor gaso- 
lines of 10 pounds Reid vapor pressure improved 
anti-knock quality to CFR-R octane numbers of 98.5 
and 99.5, as follows: 




















Type of Catalyst............... Natural 
Cracking temperature... .... LnaktgsuAs. aldposke me star Moderate High 
Gasoil conversion, percent........ im Salaeeep ee erat 54 61 
ASTM octane No. (no addition of TEL).................... 79.8 80.7 
CFR-R Octane No.: 
Without addition of TEL...................-.000. Pe 92.4 95.7 
PRUE 10 0 Peete DOC MONOD. 2 oases dips sales cue ce oe of 97.0 | 98.0 
Plus 3.0 ml TEL per galion...... sdine silva ae wae 98.5 99.5 
| | 
Increasing operations with synthetic catalyst, 


motor naphthas of higher than 100 CFR-R octane 
number (with 3 ml TEL per gallon) have been 
produced in commercial Fluid operations from both 
paraffinic- and naphthenic-type feed stocks. Typical 
results on a light paraffinic gasoil are shown in 
Table 1. It is evident that high-quality motor fuels 
can be produced by Fluid catalyst cracking. 

The volatility of the motor fuels produced with 
cracking of the paraffinic gas oil increased with con- 
version levels, as did the API gravity. Stability of 
the Fluid catalytic naphthas was good, and no 
finishing treatment was required aside from a light 
caustic wash and the addition of an inhibitor. The 
heating-oil-fraction properties also vary with con- 
version—-a somewhat lower API gravity and a lower 
boiling stock resulting as conversion increases. The 
stock as produced is of excellent stability. Pour point 
of the heating oil as produced from the unit ranged 
from —10 to +10° F. 

Plant throughput, during the period for which 
results have been presented, exceeded nominal de- 
sign capacity by a substantial margin. As is indi- 
cated in Table 2, commercial yields, product quality, 
and operating conditions were in good agreement 
with those obtained in the semi-commercial 100- 
barrels-per-day pilot plant. Typical pilot-plant re- 
sults on 3 feed stocks are presented in Table 3. 

Although it has been demonstrated that the crack- 
ing of virgin gasoil to gasoline and other products in 
commercial operations can be carried out over a wide 
range of temperatures and conversion levels, the 
choice of the specific level to obtain optimum opera- 
tions is dependent largely upon such economic con- 
siderations as the relative demand of heating oils 
and gasoline, availability of quantity and type of feed 
stocks, price structure, etc. With normal prewar 
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FIGURE 2 
Fluid Catalyst Cracking for Motor Fuel 


demands for furnace oils, a yield of about 45 percent 
of 10-pound-Reid-vapor-pressure motor gasoline was 
generally favored. However, with increased emphasis 
on maximizing motor-fuel production from raw ma- 
terial, it may become desirable to process further the 
gasoil unconverted in single-stage catalytic cracking. 
Experimental fluid cracking of virgin stocks, with 
internal recycling of the catalytic gasoil, for example, 
has yielded as high as 80 percent of motor gasoline 
(100 percent C,) based on fresh feed. However, crack- 
ing of the cracked gasoil also can be accompanied 
thermally to yield 40 to 50 percent motor fuel based 
on the feed to thermal operation—the yield depending 
on the characteristics of the cracked gasoil. 
Catalytically-cracked gasoils are rather refractory 
toward further cracking, and tend to produce larger 


TABLE 1 


Quality of Motor Fuel from Commercial Operation with 
Synthetic Catalyst 














Feed Properties: 
eee eles cose ditacdnd Gebel aeenebsacaacene 34.7 
Initial boiling point, kr tah eacas Crea dreredicesdsusendnmaacess 412 
oor rs rede bho hp sti dd udede on ndya enc bs | §86 
End i Br Se eh Oa. iclencbicinawhina we 752 

Motor- so Ma Properties: 
i a in cK dus esdevedctisseeetaenscnnsns 55.0 
Reid vapor pressure, a ee Sl ines VN Ee a cge h.cades ons 10.1 
Cee ee cs cbc i dnvebes cocedotssnnedenvests 0.04 
I PMI 0 oc nceesctsescessveccccescevesevens 10 
Nee ads edavvanscactecdneceaseesees 13 
Acid heat, °F. . Aga Reig ORE RR ERE a a oN esate, 138 
Initial boiling point, eS ba diai oe hy ecco a6 asta aie vesres é3 93 

Percent Over at: 

F.. ATE. De dT Ee oe od sidinle's €aceerneed bowen peas 27.0 
a ns win biaig 64a ve WE Scheu S¥iee eee 46.0 
Se ae Chis coe ches es 64.5 

so gerennt point, ORS SEA EPO epe Ptr ae ee Renee oe 360 
point, °F 2S ER 390 
ane No. 
ASTM: ‘with on Citi OE chs cas ea A Ths a eek 82.6 
CFR-R: with no addition of TEL..................... ae ae Pea eR ey 96.2 
NM EG MOD oo ein vss vente cc edesccnsescceuces 99.2 
ee os ea Scns en dkawicce cndivmine ls 8+0.01* 





* Reference fuel ‘‘R” plus 0.01 ml TEL per gallon. 
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. Fluid 
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natural catalyst; heavy-paraffinic gasoil feed. of ope 
playit 
needs 
and q 
ane In 
amounts of carbon and dry gas than virgin gasoils—§ other 
thus resulting in reduced yields if operations proceed tion a 
to ultimate gasoline yield. It has been found, how-§ stock 
ever, that the undesirable constituents in the crackedf oonye 
gasoil can be eliminated by hydrogenation, with little 
or no gasoline formation and, consequently, with low 
hydrogen consumption, to produce a gasoil which is 
in most cases superior to virgin stocks in cracking 
quality. On the basis of experimental yields obtained 
from cracking and hydrogenation operations, it has 
been calculated that single-stage catalytic cracking, 
followed by ultimate-yield thermal processing of the ; 
cracked gasoil, would compare as follows with an 
ultimate-yield operation in which the cracked gasoll 
is lightly hydrogenated and then returned to catalytic 
cracking : 
| Catalytic 
Catalytic Plus} Cracking 
Thermal | Plus Hydro- 
Cracking genation 
Yield on Virgin Feed (percent by Volume): 
Gasoline (10 th Reid vapor pressure).....................- 63 92 2 
OS Seite ee me ee ; 5 | 13 t 
ics hadials ede _|——$—$—$————— 3 
Gasoline ( - .peroens | RE peers tas ear eae Pe 68 | 105 « 
TEE ed ats a Seok ep Tublonigs oO tan 4c ean kp Atop 30 - C 
ASTM mae’ No Eire ROP Ee ‘VERE OER Pe moron are 75 ; 82 : 
It will be noted that a large increase in yield on ‘ 
original gasoil is indicated through use of hydrogena- 
tion. Moreover, higher octane-number gasoline is pro F 
duced, inasmuch as substantially all of the gasoline 
is of catalytic origin. Utilization of this technique 
should be of growing interest as petroleum reserves 
become more limited. 
War-Products Operation 
All commercial Fluid plants now in ate: are 
engaged in the production of war products. The 
9 Nov 
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TABLE 2 


Comparison of Commercial and Pilot-Piant Cracking to Obtain 
Motor Gasoline—Using Natural Catalyst 







































































eral effect of these variables when gasoils are proc- 
essed is summarized as follows: 


a. Temperature: Formation of saturated paraffins 
at a given conversion is favored by low temperatures. 
Aviation gasolines produced at the lower temperature 
levels are characteristically high in saturated iso- 
paraffin content, but are low in aromatic concentration. 
High-temperature operations, on the other hand, lead to 
more highly unsaturated and, particularly, more aro- 
matic fuels. Unsaturation in the butane and pentane 
fractions is affected similarly. 


b. Conversion: Depth of cracking affects both yield 
and composition to a major degree. The higher con- 
versions, at a given temperature, yield mor: highly 
aromatic and more saturated fuels. 

c. Feed stock: Naphthenic feed stocks can be cracked 
to satisfactory yields of aviation gasolines which are 
generally of higher quality than those obtained from 
paraffinic stocks. With a given type of stock, boiling 
range also affects results—the lighter and more refrac- 
tory stocks generally yielding products which are more 
saturated. It is to be mentioned that, regardless of the 
cracking conditions at which a naphtha is produced, 
further catalytic processing of this naphtha in subse- 
quent and separate operations will result in further im- 
provement in aviation-gasoline quality, largely through 
the elimination of olefinic compounds. 

In applying catalytic cracking to the production of 
war products, therefore, optimum type of operations 
are determined by consideration of combined refinery 
operations, inasmuch as, for example, the production 
of raw materials for alkylation is of equal importance 
to the production of aviation-base stock itself. The 
flexibility of the Fluid catalyst process permits choice 
of cracking operations over wide ranges of temperature, 
conversion, and feed stocks; and thus the operations 
which are most suitable to a particular refinery situation 
can be applied readily. With current aviation-fuel specifi- 
cations and demands, single-pass high-temperature 
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FIGURE 3 


Commercial Pilot 
ale Plant 
Feed Stock: — 
Feed Stock: 
NBER NOS EES | Coad ie read 30.5 31.7 
Grosnt point (ASTM distiliation), °F... 3... ......001. 690 680 
Yields on Feed (Percent by Volume): 
Gasoline (10 pound Reid vapor NONE 63. 6'ic dg ewon vseiais 42.0 45.0 
TRI MNORO. . oe ccc tcsesenenscns yen vescsvoossueoess 7.5 4.7 
ai RIAA NR Si es ae tee 
Regret MMMM sic 'os sche dcngds «stosausing eos 6.2 5.0 
akg peeent MINS oo 0:0 n:cS pn snteida dicho ncedenaioais 2.8 2.8 
7 li rties: 
"Gay AP 6 «SA Re pe MN: 603 60.4 
M Distillation: 
ME ag RAD... ooccclsteddcceckonctsesteess 101 95 
Over at: 

RT so cae Oh, hs 5.5 6.0 
sn one sdgvin Godt or ealtentouke eae 22.5 24.0 
SEO eR Cat Celene ty Se 45.0 46.0 
RE al eile ere Ga See 64.0 61.5 
TREES EE LAR AS SPIER AE 25 00 

i, fchelicsscenosvudglonsions vies sitomed 

heh APOE ARES SS 2. +20 +20 

ON, OPTI TIE A Pee OOO Pease 

iter, purcent by weight. .........ccccccsssscseocssees 0.03 0.04 

; seams No Lon, AA Ens sua nis SER ede violas ic waca ee ceed 93 75 

Octane No.: 

) ASTM: - with no addition of TEL...................- 79.2 79.7 

CFR-R (1939): with no addition of TEL............. 92.9 92.0 

plus 1.5 mi TEL per gallon........... 97.3 97.0 

) 

/ fundamental difference between motor and war- 
products operations lies in the catalysts which govern 
the cracking reaction. The catalyst now in use in 

i Fluid plants producing war materials is a synthetic 
material which is particularly applicable to this type 
of operation. Due to the role that these operations are 
playing in supplying the nation’s current military 
needs, only a general discussion of types of operation 
and qualities of products can be made at this time. 

In cracking with synthetic catalyst, as with any 
vils— FE other type, product distribution and naphtha composi- 
ceed # tion are affected to a large extent by the type of feed 
how-# stock charged, and by the temperature and depth of 
= conversion at which cracking is carried out. The gen- 
ittle 
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| ISOMERIZATION ne 
GAS 68 BBLS RIZAT i 
BUTANES 
1 
F > > KYLAT L ALKYLATE 
PENTANES ~ALELATIN. | 
=x 
ts) 
<= 
« 
oO 
e 
100 BBLS VIRGIN GAS OIL 2 LIGHT _NAPHTHA od LIGHT _NAPHTHA 
3is"areso"rmer | CIO TREATING 
- 
3 
2 HEAVY NAPHTHA HEAVY NAPHTHA 
3 —> 
TOR _F LN. AVIATION F 
6.6 BBLS 66.3 BBLS a 
LIGHT FUEL OILS 
35 Gas VIRGIN _NAPHTHAS al 
12.2 BBLS 
TRAE THYL AD 
4CC/GAL 100 O.NP 
FIGURE 4 C/GAL 100 O.N PRODUCT 
Aviation Gasoline by Fluid Catalyst Cracking 
TABLE 3 operations at moderate conversions appear optimum 


Motor-Gasoline Production and Quality from Fluid Catalytic 


Cracking of Gasoil 

















l 
| East West 
Texas Texas West Coastal 
Wide Wide Texas Wide 
Cut Cut Heavy Cut 
Feed Properties: 
Gravity, API > F or ey 27.3 22.3 | 22.1 
Aniline point, °F. nee 180 169 171 | 180 
Sulfur, percent by weight... ee 0.48 1.80 2.49 0.63 
Product Yields (percent by Volume): 
Motor gasoline*. . . . 45.0 43.2 46.0 46.2 
Excess butane......... ‘ 43 3.0 2.0 4.0 
Gasoline (100 percent C4) Sacsst aor (eS 48.0 50.2 
Cracked gasoil....... me. | wee ae 51.2 
Dry gas, percent by weight 43 6.3 5.6 5.4 
Carbon deposit, percent by weight 3.1 4.1 7) ie 2.6 
Motor-Gasolinet Properties: } 
Gravity, API.. ..| 60.5 58.2 | 58.2 57.0 
Reid vapor pressure, ‘pounds oe | 10.0 | 10.0 | 10.0 
ASTM Distillation: } 
Percent < distilied at: 
158° 4 ” 25.5 18.5 | 18.5 | 23.0 
212° re 4a ; | 87.0 |} 42.0 38.0 43.5 
End point, °F. . | 406 | 400 | 401 406 
Recovery, percent ‘ | 975 | 97.5 | 97.5 97.0 
Aniline point, ° 85 | 76 | 8 71 
Sulfur, ores by weight 0.03 | 0.18 | 0.246 | 0.044 
Acid heat, ° . 159 162 | 186 180 
Breakdown, ore | 145 | 13 10 
Octane No.: } 
CFR-M §: without addition of TELt 80.5 | 79.4 | 77.9 80.5 
plus 1.5 ml TEL per gallon 84.6 Se. | @3 | 84.7 
CFR-R (1939): — addition of TEL} 92.0 91.9 91.3 | 943 
plus 1.5 ml TEL per gal 97.0 95.9 | 98.3 |} 98.1 
Cracked Gasoilt Properties: 
Gravity, API.. 30.0 | 23.6 22.7 | 22.0 
50-percent point (ASTM ¢ distillation), °F.. 7 572 | 605 605 563 
Aniline point, °F. “| 444 129 | 14 =| «(96 








* Reid vapor pressure, 10 |b.; end point, 400° F. 


without further treatment. t Tetraethyl lead. §Motor method. 


t Inspections on product as produced 


from a standpoint of utilizing most efficiently a given 
cracking capacity when cracking paraffinic-type stocks. 

Characteristics of typical aviation-gasoline-base stocks 
produced over a rather wide range of conditions in 
commercial units are given in Table 4. It will be noted 
that the higher temperatures of operation give, before 
further treatment, a total aviation cut having somewhat 
poorer AFD *-1C anti-knock quality than that produced 
in low-temperature cracking. This is due primarily to 
the more highly olefinic nature of the high-temperature 
stocks—which, however, are more aromatic. It is perti- 
nent that the olefins in the catalytic naphtha are 
concentrated largely in the fraction boiling up to 
225° F. In practice, therefore, this fraction generally 
is treated to remove olefins, whereby a superior- 
quality fuel is produced, or is discarded to motor fuel 
and replaced by natural naphtha while the heavy 
highly-aromatic naphtha in the 225 to 350° F. boil- 
ing range is blended directly into aviation naphtha. 
The production of raw materials for alkylation is 
considerably higher in high-temperature cracking; 
and, when overall aviation production is under con- 
sideration, cracking at these conditions is definitely 
superior to that at low levels. 

Elimination of the olefinic constituents of the naph- 
thas produced at high temperatures to improve AFD- 
LC anti-knock quality may be accomplished in a num- 


* Aviation Fuels Division. 


TABLE 4 
Typleal | Product Gualtty of o— Aviation-Base Stocks—Commercial Operations—Synthetic Catalyst 











__PARAFFINIC FEED STOCKS NAPHTHENIC FEED 

















Type of Operation Single- Stage ‘Two-Stage Single- Stage 
Temperature Level | Low | High | Hydrogenation* | High | — Low High | High 
Feed stock (gravity, API) 36.7 | 361 ~~ ‘| 36.1 | 305 | 338 2.6 | 2.6 
Gasoil conversion, percent 52.7 64.0 64.0 | 60.0 56.6 63.5 81.3 
Aviation Gasoline: , 

Reid vapor pressure, pounds 7.0 7.0 _ 6.8 7.0 7.0 6.9 6.9 

Gravity, API 61.5 56.4 | 58.2 57.8 57.7 55.8 51.3 

Aniline point, °F 92 45 84 | 69 75 34 ft 24 ft 

Acid heat, °F i a 135 6 | 36 44 144 ¢ | 100 ft 

Bromine No., centigrams per gram | 22 64 0 12 22 45 ¢ 22 | 

Sulfur, percent by weight 0.02 a teas | 0.03 0.03 0.03 ¢ | 0.03 f 

ASTM Distillation: 

Percent by volume over at: , 
on a 33.5 34.5 28.5 31.0 29.0 23.5 | 24.0 
ot ESAS - | 61.0 56.5 54.0 55.0 53.0 55.5 46.5 
SR | 84.5 89.0 81.5 77.0 77.5 85.0 75.0 
293° F. | 91.0 90.0 91.0 90.0 88.5 92.7 91.4 

End point, °F : | 332 322 318 | 318 326 319 20 

Octane No.: 

ASTM: without addition of TEL... | 81.0 82.7 80.4 83.2 81.5 81.7 f 86.0 f 

EE MM WO IOU ONION os 5c caso se cccveccasdectctcvcsees | 93.3 91.7 98.2 96.5 94.9 92.6 t 97.4 ¢ 

















* Shows high-temperature gasoline from column 2 after hydrogenation. 
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t Inspected on pentane-free basis. 


t Rated with pentanes added for 7 Ib. Reid vapor pressure. 
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FIGURE 5 


Reaction Vessel in Fluid Catalyst Cracking Plant, in which Oil and 
Catalyst are Contacted. 


ber of ways. Two methods which have been utilized 
commercially are hydrogenation and ¢ -atalytic treat- 
ing. Results obtained from such processing are shown 
in Table 4, and it is apparent that final products of 
high anti-knock quality (96.5-98.0 AFD-1C) result. 
Another method is the application of severe acid 
treating, whereby comparable improvements may be 
obtained through removal of olefins by polymeriza- 
tion. Spent alkylation acid has been found to be suit- 
able for this treatment. Inasmuch as most of the 
integrated aviation-gasoline operations use alkyla- 
tion, the application of acid treating is of considerable 
interest... 

Naphthenic stocks yield, in general, better quality 
aviation-base stocks than paraffinic feeds at com- 
parable cracking conditions. Table 4 illustrates that 
extremely high-quality stocks can be produced when 
cracking proceeds at severe once-through conditions. 
Severe operations of this nature produce increased 
quantities of aromatics in the aviation-gasoline boil- 
ing range, and reduce at the same time the olefins 
which reduce AFD- 1C anti-knock quality. 


Application of Fluid Cracking for Aviation-Gasoline 
Production in Combination with Other 
Refinery Operations 

_ To evaluate properly catalytic-cracking operations 
lor production of aviation fuel, the process must be 
considered in combination with other - refinery 
Processes, particularly alkylation ; because, in a broad 
sense, catalytic cracking is essentially a source of 
alkylate as well as of premium aviation-base material. 

One : pplication of Fluid catalytic cracking in inte- 
grated refinery operations for aviation-fuel production 
is outlined in Figure 4. This illustration is based on 
Processing a typical heavy-paraffinic gasoil at high 
temperature; the beivldiss and amylenes produced 


are alkylated with isobutane, and the light catalytic 
— is severely acid- treated, with sulfuric acid 
to improve AFD-1C anti-knock quality by removing 
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FIGURE 6 


Fluid Catalyst Regeneration Vessel in which Carbon is Continuously 
Burned from Spent Cracking Catalyst. 


the olefins therein. The catalytic heavy-aromatic 
fraction, which is high in anti-knock quality as pro- 
duced, is blended directly into the final gasoline. The 
blend of alkylate and naphthas from the catalytic 
operation is substantially higher in octane number 
than specifications require, and readily available 
virgin naphthas, which are of comparatively low 
quality, are blended in such quantity that the final 
blend will meet specifications—thereby increasing 
the volume of specification aviation product. In this 





FIGURE 7 
Operator Withdrawing Sample of Fluid Catalyst from 
Commercial Plant. 
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FIGURE 8 
General View of Three Fluid Catalyst Cracking Units 


scheme of operations, some isobutane is necessary to 
supplement the isobutane produced in catalytic cracking 
which supplies a quantity that is roughly sufficient to 
alkylate only the butylenes. Normal butane, which is 
generally available, is isomerized readily to isobutane 
in relatively simple and inexpensive equipment. 

The yield of aviation gasoline resulting from the 
combination of processes discussed (Figure 4) is quite 
high for every 100 barrels of heavy paraffinic gasoil 
charged to the Fluid catalyst unit, it is possible to pro- 
duce 66.3 barrels of 100-octane-number aviation fuel 
meeting present specifications. Of this quantity, 12.2 
barrels are virgin-naphtha fractions which can be carried 
in the blend. A substantially higher yield of aviation 
gasoline can be obtainel by hydrogenating, rather than 
acid-treating, the light catalytic naphtha. Production of 
specification aviation fuel from such a scheme of opera- 
tions is indicated to be 78.4 barrels per 100 barrels of 
paraffinic virgin gasoil charged to cracking. 


With the completion of the present construction pro- 
gram, the Fluid catalyst process will be the major 
cracking process for producing 100-octane aviation 
gasoline. On resumption of normal economic conditions 
after the war, the Fluid process will provide a means of 
converting the heavier petroleum fractions with 
maximum efficiency and economy into premium 
motor fuels. 
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1, IS the purpose of this paper to discuss some of 
the fundamental principles of cracking catalysts and 
the catalytic cracking process, to give typical results 
over rather wide ranges of operating conditions and 
charging-stock quality, and to describe certain im- 
portant developments of the present commercial de- 
sign by Universal Oil Products Company. 

In its simplest form, catalytic cracking requires a 
catalyst and some means for contacting the oil with 
the catalyst. During the reaction the catalyst becomes 
fouled with carbonaceous material, and this deposit is 
customarily removed by combustion. For a better 
understanding it is advisable to study the separate 
elements comprising catalytic cracking. 


Catalysts 


It seems certain that anhydrous aluminum chloride 
was the first catalyst used for cracking. The process 
employing this catalyst was developed by A. M. Mc- 
Afee in 1913-15. The first catalytic cracking of the 
type known today may have occurred, in a minor 
way, incidental to clay treating. It is now generally 
known that many of the clays used for treating have 
some cracking activity. Of these clays one type, 
known as bentonite, forms active catalysts after hav- 
ing been treated with an acid. Montmorillonite, a 
non-swelling bentonite, has been used widely after 
acid-treating’. Montmorillonite is a hydrosilicate of 
aluminum with a well defined crystal structure; it has 
the idealized composition of Al,O, - 4SiO, - xH,O. 
Usually some of the alumina is replaced by other ox- 
ides, such as magnesium oxide or iron oxide. If the 
catalyst is heated to about 1200° F. or higher, changes 
take place in the crystal structure, so that the cata- 
lytic activity is lost. 

The pioneering research on catalytic cracking 
embodied intensive investigations and tests of the 
different types of catalysts—natural and synthetic. 
The limitations of the natural clay catalysts em- 
phasized the many potential advantages of a manu- 
lactured catalyst. This early research, which was 
conducted by Hans Tropsch,? laid the foundation and 
led the way for those who followed. After his death, 
his associates discovered many additional synthetic 
catalysts, including the silica-alumina types. Further, 
they found that, when these are suitably prepared, 
they are more stable at high temperatures and more 
active than catalysts from natural sources. In the 
course of this development certain fundamental prin- 
ciples were discovered: * * 

1. The silica and the alumina should be prepared in 
an hydrated form by precipitation or gel forma- 
tion. 

2. The hydrated silica and hydrated alumina could be 


precipitated either together or separately, and 
then blended. 
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Cracking With Catalysts 


C. L. THOMAS, N. K. ANDERSON, H. A. BECKER and J. McAFEE 
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refiner in his competition in the high-octane-gasoline- 
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4 ees the past five years the fluid catalytic crack- 
ing process has received intensive study. An acceler- 
ated program of installation has been instituted 
because of the necessity of providing sufficient avia- 
| tion-base stock. The catalyst used, of the so-called fluid 
type, is a powder intimately mixed with vapors in the 
reaction chambers. In general, the UOP catalyst is of 
the synthetic silica-alumina type, which has definite 
superiority as to yield and octane rating of the base 
stock over that of the natural clay type. The important 
process variables are temperature, pressure, space ve- 
locity, and length of process period; and these must be 
carefully controlled in order to insure the quality of the 
product. A table and a diagram are included to show 
the effect of operating conditions and conversion on 
product distribution. 

Stocks with appreciably lower boiling points, such as 
kerosine, are more refractory and require more severe 
conditions; they produce stocks that are less olefinic 
than a typical gas oil. Conversely, heavier stocks are 
more easily cracked, and yield more unsaturated 
products. 

Higher yields can be obtained in catalytic cracking 
on recycle operation just as in thermal cracking. The 
methods of finishing the product include catalytic re- 
treating, ‘polytreating,”’ and sulfuric-acid treating. 

Two types of commercial units are discussed: the 
single-stage unit and the two-stage unit. These units 
are characterized by considerable operating flexibility. 
At this time the many large commercial installations 
are the proving and developing grounds for the eco- 
nomic feasibility of the process. These activities have 
attracted the necessary venture capital. The results of 
this development and testing will later be translated 
into small economical units so necessary for the small 





production field. 

This paper was presented before the Division of 
Refining, before Twenty-fourth Annual Meeting of the 
American Petroleum Institute, at the Palmer House, 
Chicago, November 10, 1943. 








3. The finished catalyst should be substantially free 
from soluble metal compounds. Because the 
catalyst was ordinarily prepared from water 
glass (sodium or potassium silicates), special 
washing methods were developed to purify to 
proper extent. 

We believe that every truly synthetic cracking 
catalyst now used in the aviation-gasoline program 
embodies in the method of its manufacture the fore- 
going basic principles. 

Silica-alumina was selected as the synthetic cata- 
lyst for commercial production for use in fluid cata- 
lytic units. The UOP synthetic catalyst, as prepared 
commercially, is a white granular solid containing 
both silica and alumina. Under Universal test condi- 
tions it has a higher activity than any of the natural 
silicate catalysts, and it is more stable at high tem- 
peratures. The superiority of the synthetic catalyst 
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over natural catalysts is perhaps best illustrated by 
one of the tests that are applied to the commercially 
produced catalyst as a quality control. The catalyst is 
heated to 1650° F. for 6 hours and then tested for ac- 
tivity ; at least 50 percent activity remains after this 
test. Natural catalyst thus tested was reduced to 0 
percent activity. 

Life tests were also made on the UOP type “A” 
catalyst in which the temperature of the catalyst was 
allowed to rise to 1300° F. during each regeneration 
for 12 regenerations each day for 300 days. During 
this period more than 300 gallons of catalytically 
cracked gasoline were produced for each pound of 
catalyst. 

These tests emphasize the ruggedness of the type 
“A” catalyst. But even after methods had been found 
for obtaining such stability on catalyst produced in 
the laboratory, there remained the problems of com- 
mercial manufacture. Methods for controlling the pre- 
cipitation and for washing the product had to be 
worked out. Both the American Cyanamid and Chem- 
ical Company and the Chicago Chemical Company 
cooperated in the solution of these problems. Each 
company now operates a commercial catalytic plant 
built on the basis of this work, and the catalyst is 
made according to UOP specifications. Samples fre- 
quently are tested by Universal to insure the quality. 

What makes the synthetic silica-alumina a crack- 
ing catalyst? So far only part of the answer is known. 
Each particle of catalyst is highly porous, and these 
pores are extremely small. Large surfaces are re- 
quired to form the walls of these small pores; there- 
fore, a single pound of good cracking catalyst has 
approximately 50 acres of such surface. It is also 
known that without this surface the white powder 
ceases to be a catalyst, even though the chemical 
composition remains unchanged. Strictly speaking, 
instead of tons of catalyst being made each day, ac- 
tually millions of acres are produced. 

The catalysts derived from natural clays also have 
large surfaces. If both natural montmorillonite cata- 
lysts and the synthetic catalyst are made of silica 
and alumina, what is the difference between them? Is 
the synthetic catalyst more active and more stable 
just because it is purer? The available evidence seems 
conclusive that the two catalysts are quite different. 
According to X-ray diffraction results, the natural 
catalysts are crystalline whereas the synthetic cata- 
lyst is amorphous. The results obtained when crack- 
ing with the two catalysts are different. For a given 
gas-oil consumption, the natural catalysts produce 
more gasoline and less gas than the synthetic silica- 
alumina. At the same time the gasoline produced by 
natural catalysts is more olefinic and less aromatic 
than that produced by the synthetic catalyst under 
comparable conditions. The synthetic catalyst, al- 
though more expensive, is very much superior to the 
natural catalyst for the production of aviation-base 
stock because of the low olefinic and high aromatic 
content of the gasoline. 

When oil vapors are contacted with either natural 
or synthetic catalysts, a portion of the oil is converted 
into other products. The extent of the conversion is 
dependent upon the operating conditions used. 


Effect of Process Variables on Conversion 
The most obvious method of contacting oil with 
catalyst is to pass oil vapors through a fixed bed of 
catalyst. The variables in such an operation are: 1, 
temperature; 2, pressure; 3, the quantity of oil 
charged per unit of time per unit of catalyst (space 
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velocity) ; and, 4, the length of time the oil is passed 

through the bed before regeneration (process period), 

The process variables and their effects on conversion 

of the charging stock may be summarized as follows: 

1. Temperature: An increase in temperature increases 
the conversion. The usual temperatures are jp 
the range of 600 to 1100° F. 

2. Pressure: An increase in system pressure results 
in an increase of conversion in the lower pres- 
sure ranges. Usual pressure ranges are at- 
mospheric to 100 psi. 

3. Space Velocity: A decrease in space velocity in- 
creases conversion. Two definitions of space 
velocity are common: liquid-hourly-space ve- 
locity—the ratio of the volume of the oj 
charged per hour to the volume of the catalyst: 
and weight-hourly-space velocity—the ratio of 
the weight of the oil charged per hour to the 
weight of the catalyst. In fluid catalytic crack- 
ing the latter is used. Usual space velocities are 
0.1 to 10 weights of oil per weight of catalyst 
per hour. : 

t. Process Period: A decrease in the length of the 
process period serves to increase conversion. 
The process period may be as short as one min- 
ute and as long as several hours. 

In the fluid catalytic cracking process the conver- 
sion of oil into other products is dependent upon 
these same variables. The definition of weight-hourly- 
space velocity is, just as previously, the weight of oil 
charged per hour per weight of catalyst in the re- 
action zone. The weight of catalyst in the reaction 
zone remains constant, although there is a continu- 
ous flow of regenerated catalyst entering the reactor 
and spent catalyst leaving it. From the rate oi flow 
of catalyst to the reactor and the weight of the cata- 
lyst in that vessel, it is possible to calculate the av- 
erage residence time of a particle of catalyst in the 
reaction zone. 

In the fluid process it is convenient to use the con- 
cept of catalyst-oil ratio, which is defined as the ratio 
of the-weight of catalyst entering the reactor per hour 
to the weight of oil charged per hour. From the units 
of the three qualities—weight-hourly-space velocity, 
residence time of the catalyst, and catalyst-oil ratio 
—it is found that their product is equal to unity. From 
this fact it follows that, at constant weight-hourly- 
space velocity, an increased catalyst-oil ratio cor- 
responds to a shorter residence time of the catalyst 
and, hence, results in an increased conversion. 

An increase in conversion, therefore, can be ob- 
tained by: 1, a higher temperature; 2, a higher pres- 
sure ; 3, a lower space velocity ; and, 4, a higher cata- 
lyst-oil ratio. 


Product Distribution in Once-Through Fluid 
Catalytic Cracking 


The next information necessary for an understand- 
ing of catalytic cracking has been called product dis- 
tribution, i.e., the relative yields of various hydro- 
carbon fractions at any given conversion level. It has 
been found that the most important factors affecting 
product distribution are the type of the catalyst, the 
conversion level, the temperature, and the quality o 
the charging stock. The influence of the nature of the 
catalyst has already been discussed. Inasmuch as only 
synthetic catalysts are to be used in fluid units lor 
aviation-gasoline production, the present discussion 
will be limited to UOP type “A” catalyst. j 

The effect of the conversion level on product dis 
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tribution is shown graphically in Figure 1. In these 
curves the term “conversion” is used in a general 
sense to mean the degree to which the cracking re- 
actions have proceeded. “Conversion” may be ex- 
pressed quantitatively as the disappearance of gas- 
ail, as the yield of gasoline and gas or, preferably in 
some instances, as the yield of C; plus lighter hydro- 
carbons. As shown in Figure 1, the production of dry 


(ON 
TYPICAL EFFECT OF CONVERS 
ON PRODUCT DISTRIBUTION 




















y 
Y S 
& & 
< x 
xy Ry 
\) 7 
WI prr GAS C3" 3] Cs FRACTION 
Q Q 
R w 
N y 
CONVERSION CONVERSION 
: 
: 3 een 
St Ca FRACTION GI 
DN x 
q Q 
R y 
» CONVERSION ‘ CONVERSION 
y Se Tad ' : 
© Wy 
¢ ) 
C a 
tt § 
Ol) sur rene FRACTION ‘| COKE 
x x 
Q q 
“J 
. W 
CONVERS/ON .. CONVERSION 
FIGURE 1 


Once-Through Fluid-Catalyst Cracking of Gas Oils 


gas (C, and lighter) increases continuously at an ac- 
celerating rate with increased conversion. The yields 
of C, and C, fractions increase in a more nearly linear 
manner. Because C, fraction become more saturated 
as conversion is increased, there is a maximum yield 
of butylenes that can be obtained at a given tempera- 
ture from any particular charging stock. The curve 
showing the yield of gasoline also passes through a 
maximum; and, in the region of decreasing yield, 
overcracking is said to be taking place. Like dry gas, 
the production of coke (the carbonaceous material 
deposited on the catalyst) increases rapidly with in- 
creased conversion. The curves of Figure 1 are purely 
diagrammatic, and are intended only to show the 
general nature of the relation between the conversion 
level and the yield of some of the products; but in col- 
umns “A,” “B,” and “C” of Table 1 data are given 
which show some of the effects discussed herein- 
before. 

If conversion is held constant, an increase in tem- 
perature results in an increase in the production of 
dry gas and a decrease in the yield of C,, the yield of 
gasoline, and the production of carbon. There is evi- 
dence that, for stocks of low characterization factor,* 
the effect of temperature on the yield of gasoline is 
minimized and may be reversed. The effect of temper- 
ature on the yield of total C,’s at constant conversion 
Is relatively minor. The results shown in columns 
D,” “F.” and “G” indicate the differences involved. 


, 
a 


. 
Referred to herein as “characterization factor K;”’ see reference (5). 
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Product Quality in Once-through Fluid 
Catalytic Cracking 


“Product quality” in catalytic cracking can be con- 
sidered an extension of product distribution, because 
it depends upon the relative yields of the different 
types of hydrocarbons in a given boiling range; 1.e., 
the proportions of paraffinic, olefinic, naphthenic, and 
aromatic hydrocarbons in each fraction. In general, 
the same factors affect product quality that influence 
product distribution ; viz., type of catalyst, conversion 
level, temperature, and quality of the charging stock. 

The data given in Table 1 aid in understanding the 
effects of each of these variables. An increase in con- 
version in a given temperature range tends to reduce 
the olefin content of all the products. In the case of 
the C, and C, fractions, the decrease in olefin content 
is accompanied by increases in the proportion of 
isobutane and isopentane. It is interesting to note that 
the concentrations of nbutane and mpentane remain 
relatively constant at about 5 to 10 percent by volume 
of the C, and C, fractions, respectively, over the en- 
tire range of temperatures and conversion levels nor- 
mally encountered. The decreased olefin content of 
the gasoline fraction at higher conversions is ac- 
companied by an increased aromatic content, and 
these changes together result in superior leaded anti- 
knock ratings at higher conversions. The fraction 
boiling just above aviation gasoline and below the 
initial boiling point of the charge (normally 340 to 


400° F.) is called heavy naphtha, and is characterized 


by a relatively low degree of unSaturation—usually 
with a bromine number less than 10, and a high aro- 
matic content that amounts to 80 to 90 percent at 
high conversions. This material ordinarily is blended 
into motor fuel, for which it has excellent properties ; 
but extensive work is being done at the present time 
in an effort to convert as much of it as possible into 
the boiling range of aviation gasoline. The API 
gravity and the characterization factor of the recycle 
stock (400° F.+-) decrease markedly with increased 
conversion. 

An increase in the characterization factor of the 
charging stock at a given conversion level and tem- 
perature results in an increase in the unsaturation of 
all the products. There is an accompanying decrease 
in the isoparaffin content of the C, and C, fractions, 
and in the aromatic content of the aviation gasoline. 
The effect of the quality of the charging stock on the 
aromatic content of the heavy-naphtha fraction is 
small. 

The effect of increasing temperature at constant 
conversion is to increase the methane and hydrogen 
content of the dry gas and to increase the olefin con- 
tent of all fractions. There is a minor tendency for 
the aromatic content of the gasoline and naphtha 
fractions to be increased by high-temperature op- 
erations. 


Catalytic Cracking of Lighter and Heavier Stocks 


The foregoing discussion has been limited to typical 
gasoils boiling approximately between 400 and 750° 
F. If a stock with an appreciably lower average boil- 
ing point, a kerosine for example, is catalytically 
cracked, the following differences in results are 
found: 1. The stock is more refractory; i.e., more 
severe processing conditions are required to realize 
a given conversion level. 2. The products are less 
olefinic than those from a typical gasoil. The gaseous 
fractions contain more isoparaffins, and the liquid 
fractions are more aromatic. 3. There are only minor 
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TABLE 1 
Typical Once-through Fluid-Catalytic-Cracking Results 
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a 5 3} by volume of recycle stock ; 
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Cs fraction CE LE ee 3.4 4.9 5.5 7.9 7.7 11.0 6.1 8.3 8.1 10.7 7.5 10.3 9.2 12.6 
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Product Quality: | | 3 
Dry gas, Cs and lighter: 
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CaHs..... 20 26 33 | 15 4 28 37 
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C4 Fraction: | | | 
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Heavy Naphtha, 340 to 400° F: 
Gravity, deg. API at 60° F........... 30.8 29.6 | 27.7 33.5 33.4 32.1 33.2 
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deviations from the product-distribution curves dis- 
cussed hereinbefore unless the initial boiling point of 


the charge is in the boiling range of the products. 


Conversely, heavier stocks are more easily cracked 
and yield more unsaturated products. Thus it is pos- 
sible to vary the conversion and quality of products 


TABLE 2 


Comparison of Once-through and Recycle Operations— 
Fluid Catalytic Cracking 





























| 
Cbs kena ong eaten 330° F., once-through 334° F., recycle* 
Charging Stock 33°-API, 11.7-K,t 400- to 725° F., Gasoil 
Temperature......... High 
Combined feed ratio (total feed 
per fresh feed)....... 1.00 1.53 
Percent by | Percent by | Percent by | Percent by 

Yields (Percent Fresh Feed): Weight Volume Weight Volume 
Dry gas, Cs 12.7 | ; 12.0 we 
Ce fraction 3 11.3 | 16.8 13.5 19.9 
Gs trostiem..........-. 8.0 } 10.9 9.4 12.9 
Depentanized Ce at 400° F 25.0 | 26.8 31.9 34.8 
Recycle stock, 400° F+... 37.8 36.9 27.7 26.7 
Catalyst carbon............. 5.2 5.5 3D 

SS Ree 100.0 | 91.4 100.0 94.3 











* Total 400° F+ recycle stock returned with fresh feed in amount indicated. 
t UOP characterization factor. 
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obtainable from a given unit over wide ranges by 
proper selection of the boiling range of the charging 
stock. Of great interest in the postwar operation ol 
fluid catalytic units is the possible cracking of topped 
and reduced crudes without preliminary flashing. 


Recycle Operation in Fluid Catalytic Cracking 

It is well known that in thermal cracking a higher 
yield of gasoline can be obtained in a recycle opera 
tion than in a once-through operation. It was shown 
in Universal pilot plants using synthetic catalysts 
that this same effect holds in catalytic cracking, and 
that the yield of gasoline can be increased by a ft 
cycle operation. Furthermore, it is usually possible 
to realize the increased yield of gasoline with a more 
favorable gasoline-to-carbon ratio, In commercla 
practice, however, it is generally true that, although 
higher yields can be realized by a recycle operation, 
higher-production from a given plant is possible in@ 
once-through process. A typical comparison oF @ 
once-through and a recycle operation is given ™ 
Table 2. In most cases the improvement in yield ob- 
tained by recycle operation is accompanied by an i 
provement in the anti-knock quality of the aviator 
base stock. 
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Finishing 

Present aviation-gasoline specifications are such 
that base stocks of high quality must be relatively 
low in olefin content and high in aromatic content. 
These requirements can be met in fluid catalytic 
plants in two ways: first, the unit may be operated 
at relatively low temperatures (800 to 900° F.), in 
which case a base stock having a low bromide num- 
ber and the necessary high lead susceptibility is pro- 
duced. However, conversions high enough to corre- 
spond to the desired aromatic content are diffcult in 
such an operation on most stocks because of the se- 
yerity of other operating conditions necessary, and 
because of relatively high production rates of carbon 
at the lower temperatures. As an alternative, the 
cracking operation can be carried out at higher 
temperatures and higher conversions. This operation 
produces a base stock which is rich in aromatics but 
which, unless unusually high conversions and low 
characterization-factor stocks are used, contains a 
higher quantity of olefins than can be tolerated di- 
rectly in aviation-base stocks. Accordingly, some 
method of treating this gasoline must be employed. 

It was found that, when the gasoline from high- 
temperature catalytic cracking is contacted with a 
synthetic silica-alumina catalyst’ in the temperature 
range of about 700 to 900° F., a base stock of ex- 
ceptionally high quality is produced. Not only is the 
olefin content reduced by hydrogen transfer, but 
isomerization also takes place; so that a marked im- 
provement in anti-knock quality results. This opera- 
tion is highly desirable in many instances, particu- 
larly when paraffinic charging stocks are processed. 
However, the equipment for fluid catalytic treating 
can be employed for additional gas-oil cracking, so 
that the desirability of fluid catalytic treating de- 
pends upon a balance between the production rate 
and the quality of the base stock, as well as upon 
other factors which necessitate a separate evalua- 
tion of each refinery situation. 

A second method of removing olefins from gaso- 
lines is sulfuric-acid treatment. The removal of the 
olefins and, in the case of high-sulfur stocks, the 
simultaneous desulfurization realized result in 
marked improvement in lead susceptibility (hence, 
leaded octane number). However, the rearrangement 
of the other components of the gasoline through fluid 
catalytic treating is not realized, and the improve- 
ment in quality is inferior to that obtained in the 
catalytic treating step. This difference in quality is 
offset in part by a considerable reduction in the 
amount of equipment required, and can be minimized 
lurther by the operation of the first-stage cracking 
step at higher conversion levels. Accompanying the 
acid treatment, of course, is a loss of hydrocarbons 
and an- appreciable consumption of acid. 

A third finishing method is a relatively new Uni- 
versal development known as “polytreating.” This 
operation comprises liquid-phase treatment of the 
gasoline in the presence of a UOP solid catalyst. The 
tesults are comparable to those which can be realized 
by sulfuric-acid treatment, because the principal re- 
action in both processes is the removal of olefins. 

he improvement in quality is, therefore, largely a 
result of the improved lead susceptibility resulting 
‘rom removal of the olefinic compounds, The prime 
lature of this process is the long life of the catalyst, 
Which makes it economically attractive. The high- 
boiling material produced in this operation is quite 
Satisfactory for catalytic recracking; thus the vol- 
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umetric loss of aviation fraction attending the poly- 
treating operation itself is not chargeabie against the 
combined catalytic cracking and treating operation, 
as a large part of the bottoms can be recovered as 
aviation gasoline in the recracking step. 

Present wartime restrictions preclude a tabulation 
showing the superior anti-knock quality of the base 
stocks, but it may be stated that fluid catalytic treat- 
ing produces a quality of base stock not approached 
by the other treating methods. 


Regeneration 


The catalytic cracking and treating process would 
be extremely simple if it were not for the fact that 
during processing a carbonaceous deposit forms on 
the surface of the catalyst. This deposit seriously im- 
pairs the effectiveness of the catalyst, and makes nec- 
essary its periodic regeneration. Thus, the problems 
of minimizing the production of the deposit and of 
removing it without permanently damaging the ac- 
tivity of the catalyst are of major concern. 


From fundamental studies it was learned that ex- 
cessive temperatures are detrimental to the activity 
of the catalyst. And yet high temperatures are prac- 
tically synonymous with regeneration, because the 
latter is accomplished by combustion of the carbona- 
ceous deposits. When the problem of regeneration in 
a fixed-bed of catalyst is examined, it soon becomes 
apparent that combustion with air without cooling 
is, in most cases, not possible without subjecting the 
catalyst to such temperatures in the burning wave 
that its catalytic activity is soon destroyed. The most 
common expedients for controlling this temperature 
are dilution of the regeneration air with inert gases 
and provision for internal cooling. 


In the regeneration of fluid catalyst the problem 
is the same—extremes of temperature must be 
avoided. The turbulence and constant circulation of 
the particles of catalyst makes it impossible to build 
up appreciable temperature gradients in the regen- 
erator or to realize the burning-waves characteristic 
of regeneration in a fixed bed. This same condition 
in the regenerator also permits the use of undiluted 
air without preheating. 


Commercial Fluid Catalytic Cracking Units 
The basic type of commercial fluid catalytic crack- 
ing unit, the so-called “single-stage” unit, consists 
fundamentally of a regenerator and a single reactor. 


When it is desirable to treat by means of fluid cata- ' 


lysts the gasoline made on a single-stage unit, it is 
necessary to resort to a “blocked-out”operation—in 
which gasoline is produced for a few days, then 
treated in the same equipment. Although this type 
of operation is feasible, it has the disadvantages of 
lower calendar-day throughput, of increased tankage 
requirements, and of the necessity of changes in op- 
erating conditions while the unit is onstream. 

The “two-stage” unit, which simultaneously cracks 
raw oil to gasoline and treats this gasoline to make 
a finished base stock, avoids these diffculties. The 
two-stage unit consists of two reactors with a com- 
mon regenerator, each reactor running under the 
optimum conditions for the task it is performing. In- 
asmuch as the two-stage unit can be run with both 
reactors on cracking, if desired, it offers a wide range 
of operating flexibility and control of the quality of 
the product. 


In the following description of the flow [wartime 
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restricions have prevented the presentation of a de- 
tailed flow diagram] the equipment involved in 
cracking will be called “first-stage,” whereas that on 
treating will be called “second-stage.” 

The raw-oil charging stock, usually gasoil, is 
pre-heated by heat exchange with a recirculating 
stream on the first-stage fractionating column; it 
then goes to the catalyst-to-oil heat exchanger, where 
it receives further preheat from a stream of catalyst 
which circulates between the exchanger and the re- 
generator. The primary purpose of this heat ex- 
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FIGURE 2 


Flow Diagram of Two-Stage Unit (Two Reactors with Common 
Regenerator). 


changer is to give a wide degree of flexibility to the 
catalyst-to-oil ratio on the first stage. As there is a 
definite amount of heat to be removed from the re- 
generator, it is obvious that, when part of it is trans- 
ferred in the heat exchanger, there will be less left 
to be transferred by the catalyst circulating between 
the regenerator and the reactor; thus a lower cata- 
lyst-to-oil ratio is permitted. Any additional heat re- 
quired by the reactor is supplied by means of a 
fired tubular heater, in which the charge is heated 
further, The raw oil then enters the reactor riser, 
where it comes into contact with the hot regenerated 
catalyst flowing from the regenerator. The oil is now 
completely vaporized, and the catalyst is fluidized 
to a relatively light condition so that the mixture 
flows upward into the reactor. Usually recirculated 
process gas or steam is injected into the reactor riser 
to aid in fluidizing the mixture. 

The vapors leaving the reactor carry some of the 
catalyst fines with them. The major portion of these 
catalyst fines is recovered by passing the vapors 
through cyclone separators. The remainder of the 
fines is recovered as a slurry at the bottom of the 
fractionating column. 

The products of the reaction are then fractionated 
in the first-stage fractionating column and gas-con- 
centrating equipment, from which a gasoline cut is 
returned to the second-stage reactor for treating— 
usually at a somewhat lower space velocity and tem- 
perature. Heat is furnished to the second-stage re- 
actor principally by hot catalyst from the regener- 
ator, the catalyst-to-oil ratio in this stage being rel- 
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atively high. From the second-stage reactor the 
treated product passes to the second-stage fraction- 
ating and gas-concentrating sections for separation 

The air required for combustion of the carbona- 
ceous material on the spent catalyst enters at the 
base of the regenerator risers and carries the cata- 
lyst upwards into the regenerator. As the regen- 
erator is quite large—some regenerators being more 
than 40 feet in diameter—a perforated plate is in- 
stalled to insure even distribution. 

The regenerated catalyst flows into the drawoff 
wells, down to the two reactors, and on to the cata- 
lyst-to-oil heat exchanger. The material in the stand 
pipes is quite dense, so that the head developed is 
sufficient to cause the catalyst to flow into the re- 
actors and heat exchanger—the flow rates being 
controlled by the slide valves. The products of com- 
bustion leave the regenerator through a cyclone 
separator, which removes the greater part of the en- 
trained catalyst. The gases then go through a steam 
generator, which recovers a large part of the waste 
heat, and then through a Cottrell electrical precipi- 
tator, which recovers most of the remaining catalyst. 
From there the gases are discharged into the at- 
mosphere. 


Future of Catalytic Cracking 

The demands of war have occasioned intensive 
study of internal-combustion-engine design for 
greater power output and new fuels have had to be 
developed for use in the new engines. Fortunately 
the petroleum industry was ready at the outbreak of 
war with new processes to produce such fuels. Cata- 
lytic cracking had been developed of such flexibility 
that it was possible to meet the stringent require- 
ments of our armed forces. 

There is no doubt that after the war automotive- 
engine designers will incorporate many features of 
aircraft-engine design in automobiles, and they will 
premise their designs on the availability of fuels of 
much higher quality. ; 

There need be no apprehension on the part of the 
small refiner as to the utility and economy of adapt- 
ing catalytic cracking to his refinery operations after 
the war. Although it is true that the cost of such i 
stallations may not seem attractive at this time, 
nevertheless, the continued development and refine- 
ment of the process shows a progress which is most 
encouraging. It is a foregone conclusion that he will 
benefit greatly from the present activity of research 
and development in this art. The many large and 
costly commercial installations are the proving and 
developing grounds for refinements which will pro- 
duce the plants of the future to fit the capacity and 
pocketbook of the small refiner. History has dem- 
onstrated that the processes will be available for his 
use. A new process, not fully developed, requires 
venture capital to prove or disprove it commercially. 
This risk is taken by the large refiners. The successes 
and experiences are converted into profitable opera 
tion for small refineries so important to our nationa 
welfare and economic fabric. 
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Cracking-Coil Tubes at 
They Can Take It! 





P. J. HARRINGTON, M. S. NORTHRUP and C. O. RHYS, SR. 
Standard Oil Development Company 


=_ of both thermal and catalytic types, 
constitutes one of the most important basic opera- 
tions in the production of aviation-gasoline com- 
ponents. Although the various catalytic-cracking 
units completed or under construction may be 
counted upon to make the greatest possible contribu- 
tion to this production, the time and material availa- 
bility elements clearly indicate that we must continue 
to look to existing thermal-cracking equipment for 
further additional olefins and aromatics. From such 
equipment must come the marginal aviation-gasoline 
components which will do much to determine how 
quickly this war is won and hence at what cost in 
terms of loss of men. 

In order to produce the maximum of aviation- 
component materials the average cracking coil must 
crack at high conversion and at high temperatures. 
The attainment of these conditions involves, in 
general, a reduction in operating pressure and, conse- 
quently, lower throughput. Daily production, there- 
lore, is affected directly, and lower pressures and 
throughputs are to be avoided except insofar as they 
permit a net gain in daily output per coil. In general, 
it may be assumed that production is a function of 
severity of cracking in each given cracking furnace, 
as this part of the unit has been found most fre- 
quently to be the limiting factor. 

The punishment which a cracking furnace can take 
isa function of many variables, but among these none 
is more important than the relation between sev erity 
of service and safe useful tube life. It is of this 
limited but important aspect of the whole picture 
that this paper proposes to treat. 

Fundamental to any treatment of this problem is 
recognition of the fact that for any given tube there 
isno limiting tube metal temperature as such. Tubes 
may be fired lightly, and they should last almost 
indefinitely (neglecting for the moment internal- 
corrosion vrs. or they may be fired so heavily as 
to last but an hour; in every case there is an im- 
mutable relation between service sev erity and useful 
life. The problem then resolves itself into: 1, the 


determination of the relation between severity and 
life; and. 2, the choice of a life dependent upon the 
urgency of our wartime need. 
Tube Stresses 

_ With regard to the first of these items let us 
‘ssume that we are dealing first with a case where 
Corrosion arid scaling may be neglected, where the 
tube has had no previous service life, and where the 
November, 1943—A Gulf Publishing Company Publication 


A METHOD is proposed for calculating the safe 
working life of cracking-coil tubes as a function of the 
internal oil pressure, the tube material and dimensions, 
and the outside tube metal temperature. It is shown 


that: 
F N 
T= 11.4 (+) 


where T’ is working life in years, F is the equivalent 
strength of the metal in pounds per square inch, f is 
the stress on the tube metal in pounds per square inch, 
and N is a constant depending on the tube material. 
Also: 


___RP 
“Ti See 


where R is the outside radius of the tube in inches, P 
the pressure in the tube in pounds per square inch, and 
t the tube wall thickness in inches. The relation of F 
to outside metal temperature for common tube mate- 
rials is also given. The effects of corrosion and scaling, 
varying service conditions, heat density, safety factor 
inherent in the method, experience of the Standard Oil 
Company (New Jersey) in application, and the relation 
of the method to the increased supply of war products 
are discussed. It is believed that aviation-gasoline- 
component production in existing thermal-cracking 
equipment could be increased considerably by wide- 
spread application of the method of tube-life calcula- 
tion given if a one- to three-year safe tube life is felt 
to be justified by the need for this product. 

This paper was presented before the Division of 
Refining, before Twenty-fourth Annual Meeting of the 
American Petroleum Institute, at the Palmer House, 
Chicago, November 9, 1943. 








heat density is relatively low. These assumptions are 

taken into account later in this paper. Bailey’ 
develops f, the ‘stress in simple tension which, at any 
temperature, will produce the creep rate which 
results from the combined hoop, axial, and radial 
stresses at the tube bore. As a creep rate corresponds 
to a rupture time, f can be defined also as the stress in 
simple tension which will produce rupture in the 
same time as the sum of the three stresses at the 
tube bore. The following relation may be derived 
from Bailey’s figures after certain substitutions and 
evaluation of constants: 


_ Gar ) PKY 


(1) 
Kr 


where K is the OD to ID pee for the tube, P is the 
pressure within the tube, and m’ is a function of heat 
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density. For low heat densities n’ may be taken as 2. 





K is equivalent to 3: ; where R is the outside tube 


: 

radius and ¢ is the tube wall thickness. By substitution: 
RP 

=Tht (2) 


Thus, from tube dimensions and operating pressure, 
the equivalent simple tension stress may be calculated. 


Metal Strength 


Several companies, including The Babcock & Wil- 
cox Tube Company, General Electric Company, and 
The Timken Roller Bearing Company, have pub- 
lished figures? on the relation between stress and 
time-for-rupture at various temperatures for the 
several metals commonly used for cracking-coil 
tubes. If, for a given metal, the logarithm of the stress 
applied is plotted against the logarithm of the time- 
for-rupture, a series of straight lines is obtained with 
a line for each temperature. Thus, TF“ —=C, where T 
is the time for rupture and F is the stress which is 
associated with 7, N and C are constants for a given 
material. At any given temperature one may then write: 

N 

TF*® = C=T'f*, or T’=T (F) (3) 
Here 7” is the time for rupture corresponding to the 
stress f. In order to evaluate equation (3) to relate 7’ 
to f, one requires only the relation of T to F and the 
value of N for the material being studied. As a usual 
unit for convenient calculation is the stress-for-rupture 
in 100,000 hours or 11.4 years, T may be taken as 11.4. 
The data cited above may be used to derive the follow- 
ing values of N: 


Material N 
NESS. ehNainis 20s 4 viel WU in'e BN HI 05 Es 2.35 
5-percent-chromium 0.5-percent-molybdenum steel 4.05 
18-percent-chromium 8-percent-nickel steel...... 5.70* 


2%4-percent chromium 1-percent molybdenum steel 7.25 


It also might be pointed out that the rupture-stress 
formula TF" =—C covers published estimates to only 
100,000 hours. There is no evidence for very long lives ; 
but, for the purpose of determining emergency cracking- 
coil tube life, no extrapolation is necessary. For a very 
short life, say 100 hours and less, the N values cited 
above may not apply, but it may be assumed that even 
under emergency conditions a tube life of less than 
2 months will not ordinarily be considered. 

The figures referred to above have been used to pre- 
pare Figure 1, which relates F, the stress which will 
cause rupture in 100,000 hours, to temperature for the 
steels mentioned. Conservative values have been used 
when conflict in estimated stresses required a choice of 
values. 


Calculation of Tube Life 


As an example of the use of the method outlined for 
determining tube life, consider a carbon-steel 4-inch- 
OD tube of %-inch wall thickness operating at 200 
pounds per square inch oil pressure and 1200° F. tube 
metal temperature. 

From equation (2): 

___(2) (200) 
~ (1.2) (0.25) 





= 1,333 


From equation (3): 
pe, F \2.35 
ae (x33) 


* May also be used for 25-percent-chromium 20-percent-nickel steel. 
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From Figure 1, at 1200° F.: 
F = 600 


Or: 
j 600 \ 2-35 
T’=114 (5) = 1.75 years. 


Thus, a new carbon-steel tube, lightly fired and free 
from corrosion and scaling, should not fail under the 
conditions given for 1.75 years. It is evident that if the 
emergency should be considered as justifying a tube life 
of, say 6 months, substitution will yield a new value 
for F; and reference to Figure 1 will indicate a tempera- 
ture, which in this case is 1288° F. 


Effect of Metal Losses 


In the derivation given it was assumed that no corro- 
sion, oxidation, or other loss of metal was suffered by 
the tube during its life. If there is such a loss, in the 
expression 7F“ —C, F varies with T and 


T 


C= fr dT (4) 


oO 


If t be the thickness at any instant and a the the rate of 
loss of thickness: 
dt 
a: dT =—dt, or dT =— =< 
R | 
The stress can be taken as, So that: 


t 


ays 
c= 22 ne is (5) 


a 
to 
where t, is the final tube thickness at failure and ft is the 
initial tube thickness. 
Performing the integration and putting in the limits: 


(iz) Ga-a) 
i ®- co. ee 


“ a(N—1) (6) 
If F be taken as the rupture stress for 100,000 hours, 


C 100;000 F®. Also, if a be in inches per year, or a 











: ; RP 
inches per hour, and if f be substituted for TW,’ there results: 





(z)’ oh 


ti 


to — tr 

a 

As an example of the use of this variant of the life 
formula, assume that the tube in the example given 
above had been affected by corrosion and oxidation at 
a rate of 0.020 inch per year at 1200° F. metal tempera 
ture. In this case, using equation (7) : 





The tube life to rupture, or 7’ as used above, is 





600 \ 2-35 
0.25 \1.35 __ (11.4) (0.02) (1.35) (3h) oI 
= 4+1= 1.19, 
th 0.25 
Or: 
. , . 0.25 — 0.22 
ti = 0.22; and T’= ——— 1.5 years. 


Thus the rate of corrosion and oxidation assumed 
would have reduced the tube life from 1.75 years t0 
1.5 years. 


Effect of Varying Service 


The second initial assumption dealt with the use 0! 
new tubes. In considering existing cracking coils for 
more severe operations, account must be taken of the 
previous operating history of the tube. If a tube has 
operated for part of its useful life under one set 0 
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conditions and is to operate under a second set of con- 
ditions, the remaining life of the tube for the modified 
conditions is equal to the remaining estimated life under 
the first set of conditions multiplied by the ratio of the 
new tube life under the second set of conditions to the 
new tube life under the first set of conditions. This may 
be expressed : 


L—s=(Li—s) 7 (8) 
Where: 


L= life with combined conditions. 

s = service time under first conditions. 
L, = life to rupture under first conditions alone. 
L.= life to rupture under second conditions alone. 
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Strength of metals. 


The derivation of equation (8) is quite involved, and 
will not be detailed here, but is available te anyone who 
wishes to study its validity. A series of applications 
may be necessary where a tube has undergone what 
might be called a “checkered career” but one on which 
suitable records are available. 

As an example of the application of equation (8), 
assume that the 4-inch tube referred to above had been 
operated for 4.1 years at 1050° F. without metal loss 
before use at 1200° F. What would the remaining life 
be at 1200° F. on a corrosion-free basis? 

L, can be found by using equation (3), as can L,. 
These values, for 1050° and 1200° F. are 14.1 years 
and 1.75 years, respectively, the latter being the same as 
calculated above for a new tube at 1200° F. Then: 


L735 
L—s= (14.1—4.1) Ye Re 1.25 years 


With suitable allowances, several successive sets of 
Past op crating conditions (each with its proper metal- 
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loss allowance, if any) can be studied to determine 
residual tube life for any proposed set of conditions. 


It should be noted in passing that a very severe opera- 
tion, such as would occur during a test or demonstra- 
tion operation, can be tolerated for a short time without 
affecting too greatly the life of a tube subsequently re- 
turned to normal service. In the example cited, after 4.1 
years at 1050° F., the tube could be run for a week’s 
test at 1200° F. and still have remaining 9.8 of its 
10-year pretest life expectancy at 1050° F. 


Possibility of Partial Life Restoration 


An interesting possibility for prolonging tube life 
is the heat treatment, without stress, of tubes whose 
useful life is partially spent. At least with the ferritic 
steels, it should be possible to reconstitute tubes by 
stress-free heat treatment at temperatures of the order 
of 1400° to 1700° F., provided the tubes have not been 
subjected to prior damage, such as the formation of 
intercrystalline cracks. Such damage would not be antici- 
pated for a tube in normal use through the greater part 
of its life. Adequate experimental demonstration of this 
procedure (perhaps conducted in the furnace itself) is 
lacking, and it is felt that attempts at a restoration of 
this sort should be made by some laboratory equipped to 
do stress-rupture test work. With austenitic steels, such 
as 18-8, the procedure appears less likely to succeed (on 
purely theoretical grounds) but the necessity in the war 
emergency is less in this case. Comparatively few such 
tubes are available and, in general, they have greater 
useful equivalent life left for war uses than have the 
existing ferritic-steel tubes. 


Effect of Heat Density on Tube Stress 


Another basic assumption made in the derivation 
given above dealt with tube heat densities. Bailey’s n’ 
depends upon tube materials, dimensions, and heat 
densities. With large-diameter thin-walls tubes, f is 
not greatly affected by changing heat densities; but, as 
tube size decreases and well thickness increases, heat 
density more significantly affects f. Table 1 illustrates 
the effect of variations from an m’ value of 2 as assumed 
above. The variation in m’ for the various usual tube 
metals is very small, and safely may be neglected. There- 
fore, Table 1 has assumed carbon steel as a material. 
The percentage change in f with n’ is independent of 
pressure, but a value of 200 psi has been used to make 
the f values specific. In the case of a large-diameter tube 
(6-inch OD) with thin walls (%-inch), the error in f 
due to assuming n’==2 (and heat density—=8000 Btu per 
hour per square foot outside tube surface) is not great 
even when very high heat density is employed. If heat 
density is less than 8000, the true f is less than that cal- 
culated; and the tube life calculated from the approxi- 
mated value is less than the true tube life and, therefore, 


TABLE 1 


Variation of f with Tube Dimensions and Heat Density 
(Tube is carbon steel. P—200 psi, for illustration.) 























Heat Density 
Tube (Btu Per Hour 
Outside Tube-Wall | Per Square Foot 
Diameter Thickness | of Outside Tube True True 
(Inches) (Inches) Surface) n’ Fs 
RRR LIT \% 0 1,930 
Bie a ee 7A 8,000 2 2,000 
Bo ee ae A 50,000 0.43 2,320 
Was calaiwhaids 28 o a ca yy 0 6 440 
ne eee pe Sar ey: % 15,000 2 500 
PRR Er eee oe ae | 4% 50,000 0.76 650 
{373} 103 
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conservative. On the other hand, at a high heat density, 
of say 50,000, the true f may be 16 percent greater than 
that calculated for the 6-inch tube and, hence, its use at 
first glance may appear unwise. 

The small-diameter thick-walled tube has,a true and 
calculated f of identical value when the heat density is 
15,000 Btu per hour per square foot of outside tube sur- 
face. In this extreme case, as regards the dimensions of 
most commercial cracking coils, at a 50,000 heat density 
the calculated value of f is low by 30 percent, and would 
be considered a quite unsafe value to use. 


Effect of Heat Density on Metal Strength 


However, before reaching a conclusion regarding the 
use of a general value of n’==2, another effect must be 
considered. In calculating F, the stress which will rup- 
ture the tube in 100,000 hours, the temperature to be 
used is taken as the outside metal temperature. This is 
a matter of convenience, as thermocouples for tube metal 
temperature measurement usually are located to read 
this value. When heat density is zero, the inside and out- 
side metal temperatures are the same, and the use of an 
outside temperature gives a value of F which refers to 
the inside metal temperature where maximum stress oc- 
curs and where f is calculated. But we have seen that 
when heat flow is zero, the calculated f value is con- 
se -vative for estimating tube life. When the heat density 
equals the value corresponding to n’==2 (8000 and 
15,000 for the tubes of Table 1), f as calculated is no 
longer conservative, but equal to the real value. How- 
ever, the flow of heat through the tube wall has set up a 
temperature gradient so that the metal at the bore is 
cooler and, therefore, stronger than the assumed strength 
value based on outside metal temperature. 

As an example, consider the 3-inch tube with “%-inch 
walls, made of carbon steel and subjected to a 15,000 
heat density with 1350° F. outside tube metal tempera- 
ture. The calculated and actual stress, f, is 500 psi. At 
1350° F. the rupture stress for 100,000 hours (F value) 
from Figure 1 is 240 psi. Tube life is calculated from 
equation (3) to be 2.0 years. From the conductivity of 
carbon steel, however, we calculate a temperature drop 
of 35° F. through the %-inch tube wall at 15,000 heat 
density. The inside tube metal temperature is, therefore, 
only 1315° F., so that the true value to be used in equa- 
tion (3) would be F==300 psi. The corresponding tube 
life is 3.4 years. In this manner it is seen that the method 
proposed is conservative as regards tube-life estimation. 

Finally, take the case of a 50,000 heat density on the 
same 3-inch tube. Here, as noted above, f as calculated 
is 500 psi, whereas the true stress is 650 psi. But the 
temperature drop through the metal is now 115° F., 

. “ee : nae 

giving an inside metal temperature of 1235° F., and a 
proper value of F of 480 psi where the method set up 
directs the use of the value of 240 psi as noted above. In 
reality, using correct f and F values, the tube will last 
5.6 years; whereas by following the method of calcula- 
tion outlined, a life of 2.0 years was predicted. It may 
be demonstrated by further examples that the factor of 
safety included by working with outside tube metal tem- 
peratures is much greater than the error involved in as- 
suming moderate heat densities. 

It should be noted in passing that, if the calculated 
rather than the true value of f is used in a high heat- 
density case with an F value based on the inside tube 
metal temperature, a misleading tube-life factor of 
safety will result. For the example cited above, a life of 
10.3 years to failure would be estimated as compared 
with the 5.6-year value resulting from correct f and F 
values and the 2.0-year value as found by the method of 
estimation proposed in this paper. 
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Effect of Uneven Heat Input Around Tube 


Some consideration now will be given to the effect of 
uneven heat input around the circumference of a given 
tube. The available data are few, and in some cases cop. 
flicting; therefore, only a qualitative analysis will be 
attempted. Inasmuch as it is common practice to install 
tube metal temperature thermocouples at a point on the 
tube in the plane which faces the source of radiant heat 
and which bisects the tube longitudinally, it will be as- 
sumed that the measured metal temperature does not 
vary as a disproportionate amount of heat is absorbed 
by the exposed side of the tube—the average heat density 
being unchanged. Due to turbulent oil flow through the 
tube and the equalizing effect of heat flow around the 
tube through the wall metal from the hot to the cooler 
portion, it generally has been assumed that the inside 
tube metal temperature does not vary with non-uniform 
circumferential heat input. 

Consider the case of the 3-inch tube already discussed, 
with the heat density at 15,000 Btu per hour per square 
foot of outside surface and inside and outside metal tem- 
peratures of 1315° and 1350° F., respectively, and 
with uniform heat input around the tube. We would ex- 
pect non-uniform heating (but at the same average heat 
density) to give the same uniform inside tube metal 
temperature and the same average outside tube metal 
temperature as determined at a point close to the ad- 
jacent tube in a row of tubes on the wall or roof of a 
furnace. Under these conditions and with the thermo- 
couple location as previously discussed, the true and cal- 
culated values of F would not be affected by the non- 
uniform heat input, and the calculated value of f would 
remain unchanged. Due to the variation of n’ with heat 
density, however, the true value of f at the point of 
greatest heat input on the tube would increase. Although 
accurate data are lacking, it has been estimated that, at 
average heat densities of 15,000, the maximum outside 
metal temperature variation of a cracking-coil tube is 
about 50° F. With an average metal drop for uniform 
heating as noted above of 35° F., the maximum heat 
input for non-uniform heating should be about 25,000 
Btu per hour per square foot of outside surface. This 
would increase the true f to 550 psi. On the other hand, 
the use of the average outside tube metal temperature 
of 1350° F. to determine F rather than the inside metal 
value of 1315° F. provides a factor of safety in F 
which greatly exceeds the effect, in terms of tube life, of 
the error in f due to non-uniformity. The calculated life 
of 2 years compares with a 2.75-year life, using F=300 
at 1315° F. and f==550 at 25,000 heat density. The mar- 
gin of safety noted above (3.4 years vs. 2.0 years) has 
been decreased by non-uniform heat input (to 2.75 years 
vs. 2 years), but is still ample. 

If tube metal temperatures are taken at the high tem- 
perature point on the surface of an unevenly heated tube, 
the factor of safety is increased greatly, as the ab- 
normally high temperature used would lead to a low 
calculated F value and a short calculated tube life. In 
the unlikely event that the lowest surface temperature !s 
measured in the example cited, a surface temperature 0! 
about 1325° F. would result. The corresponding calcv- 
lated F is 280 and, with a calculated f value of 500, the 
calculated tube life would be 2.9 years. Actually, due t 
bottom-of-the-tube conditions, the real life-would be 2./9 
years, as noted above. In this extreme case the formula 
fails to be conservative and, therefore, should not be 
used with cold-side measured tube metal temperatures. 


Factor of Safety a Part of Method 


The outlined method of estimating tube life, when a 
plied with due allowance for the factors discussed above, 
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should provide a safe working life as contrasted with 
the “tube life to rupture” to be developed by the more 
rigorous application of the theory involving the use of 
inside tube metal temperatures and allowances for ac- 
tual tube stresses and heat densities. Therefore, it should 
be noted that no factor of safety nor other allowance 
to provide tube replacement before actual rupture is 
needed, because the subject method includes a factor of 
safety which adjusts itself to operating conditions. 

It goes without saying that a multitude of outside fac- 
tors also must influence decisions to remove tubes at or 
before the expiration of their safe working life. It is not 
unreasonable to set up a tube-replacement schedule based 
on less than the calculated safe working life when in- 
experienced firemen, very high pressures, small com- 
bustion space, limited draft and firing control, inade- 
quate inspections between shutdowns, dependence of an 
entire refinery on one cracking-coil furnace for produc- 
tion, small number or poor quality of tube metal thermo- 
couples, or especially hazardous working conditions 
about the furnace dictate such a course. On the other 
hand, under favorable circumstances it is felt that full 
advantage should be taken of the relationship devel- 
oped between severity of operation and tube life. 


Importance of Tube Metal Temperatures 


The one fundamental piece of information on which 
the method is dependent is the adequate determination 
of representative outside tube metal temperatures. It has 
been possible to develop quite satisfactory couple instal- 
lations for this purpose; and, although the type of 
equipment and the installation and maintenance are be- 
yond the scope of this discussion, information on this 
subject can be made available to anyone desiring it for 
use on war projects. A sufficient number of reliable 
couples must be maintained throughout the life of a 
tube if that life is to be satisfactorily obtained in actual 
service. In the absence of direct data, many efforts, 
based on both experience and theoretical considerations, 
have been made to estimate tube metal temperatures 
from oil temperature in the tube. These values are de- 
pendent on good oil temperatures, heat-density data, 
oil-film heat-transfer coefficients involving the high- 
temperature properties of bodies wherein two phases 
often occur, coking rates and coke-film heat-transfer 
coefficients, and similar factors which are so compli- 
cated as to make this type of estimate almost useless 
except in very special cases. This is particularly true 
when maximum tube service life under unusual condi- 


tions, with a minimum of failures, is of great impor- 
tance, as is the case at the present time. 


Design of New Equipment 
In passing it should be pointed out that this paper is 


an adaptation of a method for designing new cracking- 
coil tubes for a desired life under expected operating 
conditions. For this approach the reader is referred to a 
report of the Standard Oil Development Company, 
which can be made available to any refiner having need 


for it in connection with a war project. 


Relation to “Jersey” Experience 


The method of estimating tube life given above has 


been, and is being tested further, by the experiences of 
companies associated with the Standard Oil Company 


(New Jersey). It is too early for any conclusive evi- 


dence to be cited regarding the application of the for- 
mulas given, but it may be said that thus far no data at 
variance with the method outlined have been encoun- 
tered. Table 2 lists some of the figures thus far avail- 
able where the method is being tested. 


Interpretation in Terms of Production 


In order to try to translate the life-severity relation 


developed into terms of a typical war product, the 
hypothetical case of a heavy virgin naphtha reforming 
unit, charging 10,000 barrels per day of feed in a once- 
through coil-only operation for the production of bu- 
tenes, may be considered. Assume 18-8 tubes 4.5 inches x 
3.7 inches in diameter, operating at 1,000 psi and with 
limiting allowable outside tube metal temperatures of 
1200° F., a usual maximum value. Experience has 
shown that such a coil should produce 950 barrels per 
day butenes for polymerization or alkylation, or even 
for butadiene manufacture for synthetic rubber. This 
assumes that the operation is limited entirely by allow- 
able metal temperature resulting from high oil-cracking 
temperature even at moderate heat inputs, and not by 
coking, firing, or recovery equipment. A life-to-rupture 
of 25 years is calculated by the formula given above, al- 
though the data do not justify such an extrapolation. 
Prior operation of a year or two in such service would 
not be important in considering more severe operating 
conditions, and short-time corrosion usually may be neg- 
lected in an 18-8 tube. If this tube is to be stressed to a 
safe working life of 3 years (when presumably war 
alloy demands will permit replacement if obsolescence 
has not by that time—through development of catalytic 


TABLE 2 


Operations Designed to Compare Predicted and Actual Cracking-Coil Tube Life as a 
Function of Operating Conditions 












































Operating | Operating Outside | Service Life | Calculated | Estimated 
Uni Tube Size Pressure Tube Metal to Date ife Remaining 
mit MATERIAL (Inches) (PSD Temperature (°F.) (Years) (Years) Life-Years ! 
| 
A 5-percent chrome-molybdenum.. . . deans 4144x3\% 750 1,200 3.3 4.5 1,2 
B 5-percent chrome-molybdenum......... 444x3\4 750 1,225 3.0 4.1  F 
C 5-percent chrome-molybdenum..... 4146x34 550 1,195 2.3 4.5 2. 
D 1, MARR ARR A eet pval dag Cac edhartabal mata atad tenn 444x4 40 1,570 2.0 11.44 9.44 
; NO yh gd 316s ease Ad evabdakics addeds teks cal aaa bere teen 444x4 50 1,470 0.9 11.4+ 10.5+ 
BB ed saerinkons tose a eas 446 x 3.7 1,000 1,200 6.8 pe ieee, (eed ion C- 
roma 25 1,600 0.1 11.4+ as wa 
6.9 4.6+ 
G ONUOUIII 5o rc si ic becca otitis sacs ad de ere Se ee ee 414 x 3% 750 1,000-1,100 1.0 EER eeD Bay ie ee ee 
esi kled 50 1,480-1,580 0.1 1.9 are ree 
1.1 1.3 
—_—_—_—_— 
The een »8.0n of 0.055 in. per year allowed. B=corrosion of 0.060 in. per year allowed. C=corrosion of 0.100 in. per year allowed. F =two successive services are listed. 
. ~ nae fe conn in —_ case is that of new tube life at the given service. The remaining life figure, however, is that left at the end of 6.9 years of combined service if the 
' ntinues in the second service. 
¥ ™ at —_ the indicated life was above this value, the limiting life for which figures are available. The net life after service in this case is also greater than the given value 
7 in<nown degree, 
" maa inf i = conditions is listed for a given period, coking or other causes led to variations in a steady manner for each run, and this variation has been taken into considera- 
he calculations. 
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cracking—permitted shutdown), it develops that metal 
temperatures of 1300° F. at a pressure of 1000 psi or 
1540° F. at a pressure of 400 psi, are permissible. It 
will be assumed that burner capacity, draft limitations, 
charge-pump size, product-recovery equipment, etc., are 
not limiting. From a tube-metal-limitation point of view, 
it is estimated that 1100 barrels per day of butenes could 
be produced at a pressure of 1000 psi, or 1335 barrels 
per day at a pressure of 400 psi. This 15.8- to 40.5-per- 
cent increase in production may not all be realized due to 
factors of the type cited above, but its potentialities 
should not be neglected. 

A second example involves a light gas-oil coil of 13,- 
800-barrel-per-day furnace or total feed capacity with 
4-inch x 3-inch carbon-steel tubes, operating at present 
at a pressure of 300 psi and at a limiting metal tempera- 
ture of 1100° F., to produce 260 barrels per day of bu- 
tenes. It may be calculated that if a one-year tube life, 
on the equivalent of new corrosion-free tubes, will tide 
over the emergency, the limiting metal temperatures 
may go to 1285° and 1400° F. at pressures of 300 psi 
and 150 psi, respectively. Estimates of butenes produc- 
tions are 290 barrels per day and 330 barrels per day 
for the conditions given in the order listed, or increases 
in production of 11.5 and 26.9 percent, respectively. 

From these approximate figures, the great potential 
value of more severe cracking conditions during the 
present critical period of the war may be seen. As to the 
tubes, it is felt that, literally, they can “take it.” 


Operations at Very Low Pressures 


With present-day and possibly greater future interest 
in severe cracking operations at high temperatures, but 
at pressures from only a few pounds gage to 50 psi, a 
little conjecture on tube strength may not be out of 
order. As noted in Figure 1, the metal-strength data do 
not extend beyond 1300° to 1500° F., depending on the 
type of tube. Extrapolation to any considerable extent 
is most hazardous, both because of the uncertainty of 
the position and slope of the lines where the figures vary 
from a straight line to some extent, and because of the 
tendency of the metal strength to drop off abnormally at 
higher temperatures. This is evident in the 2%4-percent 
chromium, 1-percent molybdenum and 5-percent chro- 
mium 0.5-percent molybdenum steels. (Due to the danger 
of air hardening, these alloys would probably be unsuit- 
able for extremely high temperatures.) Some abnormal 
drop in strength must occur if the semi-log relation is to 
be consistent with the zero value of the metal strength 
at its melting point. Furthermore, the T7F*=—C relation 
cannot be used beyond the temperature range of the 
data upon which it is based. Having these limitations in 
mind, however, the N values given above may be used, 
and the lines of Figure 1 extrapolated to temperatures of 
2200° or 2300° F. for the F values needed to make short 
life calculations on existing tubes operating at very low 
pressures. 


For instance, a 4.5-inch x 3.7-inch tube of 18-8 steel. 
at a pressure of 25 psi, to have a safe working life of 3 
years without allowance for oxidation or corrosion might 
operate at 2250° F. Or a 4-inch x 3.2-inch carbon-steel 
tube, at the same pressure and protected from oxidation 
and corrosion and figured for a one-year safe life, could 
operate at 1660° F. Used tubes of this latter material 
and magnitude of dimension actually have been operated 
in this temperature and pressure region for one to two 
months without rupture, despite fairly rapid scaling. 

In recent months a 4-inch carbon-steel tube, completely 
protected from oxidation and scaling, has been operated 
without failure from excessive pressure and tempera- 
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ture conditions for about 800 hours at a tube metal tem- 
perature of 2200° F., at a pressure of 15 psi, gage. The 
predicted life on an extrapolated basis, ranges from a 
few hours to 1000 hours depending on the position and 
slope of the strength-temperature curve used, the value 
of N taken, and the method of calculation, i.e., for safe 
working life or for rupture. It should be noted that the 
metal temperature was taken on the surface of the tube 
nearest the radiant-heat source. 

An outstanding need for additional physical data on 
the various tube materials at temperatures from 1300° 
F., or 1500° to 2000° F., is indicated. Until such data 
are available, tube-life predictions are not possible in 
this increasingly important operating region. 


Application to War Problems 


Earlier in this paper the problem of aviation-gasoline- 
component production from existing thermal cracking 
equipment was referred to as involving the determina- 
tion of the relation between severity of service and tube 
life, and the choice of a life dependent upon the urgency 
of our wartime need. The severity-life relation has been 
discussed. The choice of an operating point now can be 
considered brieflly, although this is largely an economic 
and patriotic problem. Under normal conditions crack- 
ing equipment should be operated at that degree of se- 
verity and corresponding tube life which results in an 
economic balance between the value (in terms of quan- 
tity and quality) of its products and the cost of mainte- 
nance and replacement. It is strictly a matter of tube- 
replacement cost (with due allowance for downtime, 
safety margin, etc.) and enhanced product value. There 
may be serious question raised as to whether the 5- to 
15-year tube life so often resulting from relatively mild 
cracking conditions in many prewar cracking operations 
represented the most economical operation of those coils. 
Tube replacements and their associated related costs 
probably represent only a small part of even a cracking 
coil, let alone a gasoline-producing unit; and yet the 
cracking furnace often has been the bottleneck of the 
production for the entire unit. Even with normal prod- 
uct prices and demands after the war, it may well be- 
hoove us to operate for one- to three-year tube lives 
when tube materials are readily available. 

The method outlined above for estimating tube life 
should aid refiners in providing the Petroleum Admin- 
istration for War with a defensible estimate of the cost 
of additional 100-octane gasoline. One of the writers has 
been associated with the efforts of the Technical Ad- 
visory Committee working under the Technical Com- 
mittee of the Petroleum Industry War Council, to 
stimulate research and development work on avia- 
tion-gasoline-component production from existing 
thermal cracking coils. This group has assisted the PAW 
Aviation-Gasoline Advisory Committee in its effort to 
apply that research and development work to maximizing 
production. In this work there has appeared considerable 
evidence that more of the materials badly needed tor 
aviation-gasoline production can be made at once by 
punishing existing equipment. The time required to ef- 
fect the increase is negligible, as are the new materia 
and construction required at this time. By “living off our 
fat” we should be able to help “keep ’em flying.” 
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Recent Developments in Houdry 


Fixed Bed Catalytic Processes 


T. B. PRICKETT and R. H. NEWTON, Houdry Process Corporation 


—- years ago, after pioneering the develop- 
ment of catalytic cracking, the first commercial 
Houdry unit for the production of high-octane gaso- 
line was put into operation. By virtue of the quality 
of the products and the favorable economic factors 
of the process, catalytic cracking has become one of 
the leading processes used by the petroleum industry. 
The number of refiners sharing the Houdry static 
bed process has increased from two to nine, and 
the installed catalytic charging capacity has in- 
creased accordingly. In 1938, three units? processed 
a total of 20,000 barrels per day. Now 20 units with 
individual capacities of 7,000 to 20,000 barrels per 
day are in operation and nine additional static bed 
units are in various stages of construction. 


Although detailed data concerning the produc- 
tion of aviation fuels have been made available for 
limited distribution, no specific information has been 
released generally by Houdry Process Corporation 
since the invasion of Poland. The purpose of this 
paper is to outline the more recent developments 
inas much detail as military secrecy permits. 

Prior to World War II, Houdry Process Corpor- 
ation realized that supplies of aviation gasoline in 
excess of the quantities generally predicted would 
be required in the event of hostilities of a major 
nature. Accordingly, this company instituted a re- 
search program, leading toward the development of 
methods that would permit increased production of 
aviation base stock. 

The first step in this program was the com- 
mercial production of previously developed syn- 
thetic catalysts which produced aviation base stock 
ol! more acceptable qualities than obtained from 
clay catalysts. In addition, the properties and action 
of these new catalysts could be controlled with pre- 
cision, thus obviating reliance on naturally occurring 
clays of variable qualities. To ensure that adequate 
catalyst supplies of the requisite characteristics al- 
ways would be available to users of the process, 
plants for catalyst manufacture were built and oper- 
ated by Houdry Process Corporation. 

Simultaneously with the construction of the first 
synthetic catalyst plant started during 1939, a com- 
prehensive laboratory program for the study of the 
Production, properties, and composition of catalyti- 
cally cracked aviation fuels was instituted. Over 
4 period of years comparisons have been made be- 
‘ween the laboratory and the operating plant data 
Which dcmonstrate that the results obtained in the 
small scile units are duplicated in the commercial 
“quipment. Therefore, these test units are being 
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he paper represents a resume of developments by 
which the original fixed bed Houdry process was 
adapted to the production of base stock for aviation 
gasoline. 

Among the developments were manufacture of syn- 
thetic catalyst, redoubled laboratory activity, produc- 
tion of isobutane and butylenes for alkylation and 
catalytic treating of primary base stock. 

The paper was presented before the Division of 
Refining of the American Petroleum Institute at its 
twenty-fourth annual meeting in Chicago, November 
11, 1943. 
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employed in forecasting operating conditions and 
yields for the commercial plants, and determining 
the product qualities that will be realized. 


As the process development work progressed, it 
became apparent that the large quantities of aviation 
base stock believed to be required could not be pro- 
duced from the available narrow boiling naphtha cuts 
heretofore considered as optimum charging stocks’. 
With this thought in mind, and also because a 
serious shortage in butylenes for alkylation appeared 
likely, it was realized that heavy cuts must be uti- 
lized for the production of aviation base stock. 
However, as the boiling range of the charging stocks 
increased, the cracked product tended to become 
less suitable for aviation fuel. During 1938, Socony- 
Vacuum Oil Company produced, on their Houdry 
unit at Paulsboro, New Jersey, a low acid-heat 
aviation base stock by catalytically treating the 
primary gasoline on clay catalyst. The Houdry 
laboratory conducted an extensive research program 
and perfected the application of the procedure for the 
treating of gasolines produced from a large variety 
of virgin stocks by synthetic catalyst. The resulting 
two-step process has been in commercial operation 
for nearly two years and has resulted in the produc- 
tion of large quantities of superior aviation base 
stock. 

Wartime Activities 


Immediately following our entry into the war, the 
existing Houdry plants producing high quality motor 
fuels were converted as rapidly as possible to avia- 
tion base production. The quality improvement at- 
tained, due in no small part to the synthetic cata- 
lysts employed, was of prime importance in increas- 
ing the country’s output of 100-octane aviation fuel, 
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particularly during the critical first six months of 
the conflict. During this period the production of 
alkylate was small. The maximum supplies of fin- 
ished aviation fuel were only obtainable by blend- 
ing the minimum possible proportion of the scarce 
alkylate with the best quality base stocks produced 
—the output of 14 Houdry static bed plants. The 
fact that these Houdry plants were in successful 
commercial operation at that time contributed great- 
ly to decreasing the aviation gasoline shortage. This 
can be disclosed now because of the vast expansion 
in alkylate production facilities since the period 
mentioned. 

Another substantial contribution to the war ef- 
fort by those refiners operating Houdry static bed 
plants was the production and recovery of isobutane 
and butylenes for the expanding alkylate industry. 
Previously the charge to alkylation units generally 
consisted of isobutane from natural gasoline plants 
and of butylenes recovered from thermal cracking 
units. The additional supplies of both these essen- 
tial products from the Houdry plants materially in- 
creased alkylate production. 


Catalyst Manufacture 


To convert the existing static bed plants to avia- 
tion production and to provide for the newly au- 
thorized Houdry units, the original synthetic cata- 
lyst plant, started in 1939, was doubled in capacity 
during 1941 and its production again doubled in the 
past year. 


Commercial Operations 


In addition to improvements made in aviation 
base quality, there have been advances in plant op- 
erating techniques as well. By continued improve- 
ment in the mechanical features of the plants, in- 
cluding plant auxiliaries, on-stream time efficiencies 
have been increased to about 90 percent. Houdry 
efficiencies are comparable therefore to those ob- 
tainable on general refinery processing equipment. 

For example, one 20,000 barrel per day plant 
processed a total of 9,000,000 barrels of gasoil over 
a period of seventeen (17) months during which the 
plant was on-stream 87 percent of the elapsed time, 
which includes the time required to change catalyst 
at the end of the period. After the change of catalyst 
this plant was operated above rated capacity for 
375 days to satisfy the emergency demand for fight- 
ing grade aviation fuel. During this period the on- 
stream time efficiency was maintained at 95 percent, 
including the ensuing second catalyst change and a 
general inspection and overhaul. After this second 
catalyst change a careful survey showed that the 
product yields and qualities were the same as when 
the plant was initially operated in 1940. 

Benefited by the extensive background of Houdry 
commercial experience extending back to 1936, the 
new static bed plants are showing improved time 
efficiency records. Initial periods of experimenta- 
tion and alteration have not been necessary, as illus- 
trated by the performance of three recently started 
units. During the first 50 days operation, these three 
plants operated at on-stream time efficiencies of 96, 
99, and 100 percent. With these favorable starts, these 
units in all probability will exceed even the best 
previous operating records. 
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Catalyst Requirements 


Notwithstanding the gradual catalytic activity de. 
cline which is common to catalytic processes in the 
petroleum industry, product yields and quality are 
maintained remarkably constant throughout the 
catalyst life period. The flexibility of this process 
permits such a wide variety of conditions that prac- 
tically all the catalytic activity can be utilized. Ip 
consequence, the catalyst consumption of Houdry 
fixed bed plants is remarkably small. , 

When the synthetic catalysts were first intro- 
duced, a minimum life period of about 12 months 
was conservatively anticipated, but commercial per- 
formance has exceeded expectations. The new syn- ALF 
thetic catalysts have operated successfully for pe- 
riods in excess of 15 months. 

Based on a service life of 15 months, a 10,000 
barrels per day Houdry plant consumes an average A : 
of 650 pounds of catalyst daily. Expressed in terms Y 


of throughput, this consumption averages one ounce script 
of catalyst per barrel of charge. es 
, Texas 

ealieac ° a on an 

Flexibility of the Fixed Bed Process saan 


In addition to reducing catalyst requirements, the sas t 
inherent flexibility of the static bed process per-§ The 
mits the conversion of a wide variety of charge § gation 


stocks. bons 1 

Heavy gas oils crack readily and unless condi- § VO 
. ; ¢ ° . . aroma 
tions are carefully established there is an excessive ro 


loss of desirable products of gas and coke. Con- and tt 
versely, naphthas are refractory and require much 
more severe conditions to give the optimum results. 
In the various plants the operating conditions are 





selected for the several charging stocks by choice of on 
. . . “ y re 
proper catalyst activity, adjustment of pressure, and to be | 
‘ . J i 

- acca ( oO a ae ) c e ’ 
to a lesser degree temperature straigh 


The most active commercial catalysts have more § o o | 
thari twice the inherent activity of those of con-§ fn 
trolled low activity which are used for the heaviest ff ys’ y 
gasoils. Oil partial pressures are varied from sub- ff ryci, 
atmospheric to 75 pounds per square inch gauge, and fi contai, 
temperature is varied from 800° F. to 875° F. This goug 
wide flexibility in choice of conditions is of pata- Bi yide 1: 
mount importance in the cracking of both light and pe cong 
heavy stocks for the production of superior aviation § iq 19 
fuels. supplie 

Research Laboratory Data The 


Earlier in this paper the research program instr jj tittee 
tuted a Houdry Process Corporation to further the fj gives t 
increased production of-aviation gasoline was men- gj senera! 
tioned. the san 

At this time we are not permitted to present sig- include 
nificant data showing the advantages of the utiliza 7 pare 
tion of the combined‘ cracking and treating processes ere 
for the production of aviation fuel. However, gov Okan, 
ernment regulations will permit disclosure of this aho 
information to persons who qualify under such regt- Sum Vy 
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Hydrocarbons in 


The Gasoline Fraction of Seven 


Representative Crudes 


ALPHONSE F. FORZIATI, CHARLES B. WILLINGHAM, BEVERIDGE J. MAIR and FREDERICK D. ROSSINI 
National Bureau of Standards 


FF R ago API Research Project 6 reported a de- 
sription of a method for analyzing the gasoline frac- 
tion of petroleum, with preliminary results on Fast 
Texas and Oklahoma crudes.? This was the first report 
m0 an investigation of the hydrocarbons in the gasoline 
fraction of a number of representative crudes, selected 
so as to cover the largest possible range in composition.§ 

The present paper is the second report on this investi- 
gation, and gives the results obtained on the hydrocar- 
bons in the gasoline fraction of 7 different naphthas 
covering the paraffins and naphthenes to 102° C. and the 
aromatics to 160° C. Subsequent reports will deal with 
the paraffin and naphthene hydrocarbons above 102° C. 
and the aromatics above 160° C. 


Naphthas Investigated 


The Advisory Committee for API Research Project 
6* drew up the following specifications for the naphthas 
to be investigated: The gasoline fraction should be the 
straight-run cut, preferably from large-scale operation 
or at least obtained by fractionation comparable to re- 
inery fractionation. The 90-percent point should be near 
§30° F. (177° C.). The material should be washed with 
taustic to remove hydrogen sulfide. The sample should 
contain its full proportion of hexanes, but preferably 
should be debutanized. Each contributor should pro- 
vide 15 gallons of the product, of which 5 gallons should 
besent to Project 6 at the National Bureau of Standards 
and 10 gallons should be retained in safe storage by the 
supplier, 4 

The 7 different naphthas selected by the advisory com- 
mittee for investigation are shown in Table 1, which 
gives the field from which the crude was produced, the 
seneral type of the naphtha, and the company supplying 
the sample. As may be seen from the table, the naphthas 
include two which are classed as intermediate, one high 
N paraffins, one high in normal paraffins, one high in 
‘oparattins, one high in naphthenes, and one high in 
‘romatics. The intermediate naphtha labeled ‘Ponca, 
Yklahoma,” is from the original Mid-Continent petro- 
eum which was under investigation by API Research 
Project 6 for many years, and from which a total of 69 
pure hydrocarbons have been isolated from the gas, gaso- 
in, and kerosene fractions.” 


ee Fen rts of previous investigations on hydrocarbons in straight- 
by —. 3, the reader is referred to a number of papers published 
The Py § ke ind associates from the petroleum refining laboratory of 
ns enisyivania State College.® 7 8 9 10 

eben ett Hill, Sun Oil Co., chairman; William J. Sweeney, 
fing Go. il Development Co.; Seymour W. Ferris, The Atlantic Re- 


Ina \lbert E. Miller, Technical Advisory Committee, Petroleum 
Ustry War Council. 
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pe paper is the second report of an investigation on 
the analysis of the gasoline fraction of representative 
crude petroleums by API Research Project 6 at the Na- 
tional Bureau of Standards. The samples for analysis 
were selected so as to cover the largest possible range 
in composition; included one high in aromatics, one high 
in isoparaffins, one high in normal paraffins, and one 
high in naphthenes (cycloparaffins) ; and came from the 
following fields: Ponca, Oklahoma; East Texas; Brad- 
ford, Pennsylvania; Greendale-Kawkawlin, Michi- 
gan; Winkler, Texas; Midway, California; Conroe, 
Texas. The fractionating processes of adsorption and 
distillation were used in the analysis. 

Data are given on the amounts of the individual hy- 
drocarbons (paraffins and naphthenes, 40 to 102° C., 
and aromatics to 160° C.) in the gasoline fraction of 
the 7 naphthas. A number of conclusions have been 
drawn from the data. 

This paper was presented to Division of Refining, be- 
fore the Twenty-fourth Annual Meeting of the Ameri- 
| can Petroleum Institute, Chicago, November 10, 1943. 








General Description of the Method 


As previously reported,’ the method of analysis con- 
sists essentially in applying the fractionating processes 
of adsorption and distillation to the naphtha fraction. 
The process of adsorption (with silica gel as the ad 
sorbent) is used to separate a given sample of a gasoline 
fraction into two portions—one containing all the par- 
affin and naphthene hydrocarbons, and the other con- 
taining all the aromatic hydrocarbons together with the 
non-hydrocarbon components. From the latter portion, 
the small amount of non-hydrocarbon components (prin- 
cipally sulfur compounds) is separated by further ad- 
sorption to give a clean aromatic portion. Then the par- 
affin-naphthene portion and the clean aromatic portion 
are separately subjected to an analytical distillation at a 
high reflux ratio in columns of high efficiency and low 
holdup. 

It is well known that a mixture of aromatic hydro- 
carbons with paraffins and naphthenes constitutes a non- 
ideal mixture, and that the distillation of such a mixture 
yields quite unsatisfactory results—primarily because 
aromatic hydrocarbons in mixtures with paraffins and 
naphthenes have much greater partial pressures at a 
given temperature and concentration than are called 
for by the ideal solution laws and, hence, always 
concentrate in the distillate at temperatures appreciably 
below their normal boiling points. On the other hand, 
a mixture of paraffin and naphthenes (cycloparaffins) 
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TABLE 1 
Source and General Type of the Naphthas Investigated 








Field Type Supplier 
erg 3 Oklahoma. ......Intermediate............. Continental Oil Company 
East Texas............ Intermediate............. Standard Oil Ew wom Company 
Bradford, Pennsylvania. High in paraffins......... Quaker State Oil Refining Company 
Greendale-Kawkawlin, 

Michigan............ High in normal paraffins. .The Pure Oil Company : 
Winkler, Texas.........High in isoparaffins....... Standard Oil Company (Indiana) _ 
Midway, California. .... High in naphthenes..... . Standard Oil Company of California 

ere High in aromatics........ Humble Oil and Refining Company 





is substantially ideal, and likewise a mixture of aromatic 
hydrocarbons is substantially ideal. The separate distilla- 
tion of these two mixtures yields results which are quite 
satisfactory. This is a great advantage of the present 
method of analysis. 

The separation of the naphtha into a paraffin-naph- 
thene portion and an aromatic portion by the process 
of adsorption requires only one or two days, depending 
upon the quantity of aromatics to be separated. On the 
other hand, as previously reported,’ the analytical dis- 
tillation of the two separate portions may be made to 
require as little as two or three days or as much as two 
or three months, depending on the extent to which the 
resolution by distillation is to be carried. 


Procedure of the Present Investigation 


The procedure followed in the analysis of the seven 
naphthas is given hereinafter. 


Determination of the Amounts of Aromatic and Sulfur 
Compounds 

The sulfur content of the naphthas as received was 
determined by the ASTM lamp method under the su- 
pervision of R. C. Hardy in the Lubrication and Liquid 
Fuels Section of the National Bureau of Standards. 

The amount of sulfur compounds, in percentage by 
volume, was calculated from the percentage by weight of 
sulfur using the factor 3.7. This factor was obtained 
assuming that each sulfur compound has one atom of 
sulfur per molecule, that the average molecular weight 
of the sulfur compounds is 130, and that the average 
density of the sulfur compounds is 0.83. 

The aromatic content of each naphtha as received 
was determined by the method of analysis by adsorp- 
tion * * recently developed by API Research Project 6. 


Separation of the Naphtha into a Paraffin-Naphthene 
Portion and an Aromatic Portion 

The process of adsorption used in the present investi- 
gation to separate and recover the aromatic hydrocar- 
bons from the paraffins and naphthenes has been dis- 
cussed in the first report.» * The quantity of sample was 
selected so as to produce not less than about 500 ml of a 
clean aromatic portion nor less than about 3,500 ml of a 
paraffin-naphthene portion. 


Analytical Distillations 

The analytical distillations of the seven aromatic port- 
tions and the seven paraffin-naphthene portions were 
performed at a high reflux ratio in columns of high 
separating efficiency and low holdup.’ Fractions were 
collected in amounts ranging from about 6 ml to 7% ml 
—thus producing about 550 fractions from each paraf- 
fine-naphthene portion and nearly 100 fractions from 
each aromatic portion, or a total of about 650 fractions 
from each naphtha and about 4500 fractions from all 7 
naphthas. From each distillation, which was performed 
as previously reported? at a controlled pressure of 770 
mm mercury, a record was obtained giving the boiling 
point as a function of the volume of distillate. 


* These determinations were made by A. J. Streiff of API Research 
Project 6. 
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Examination of the Fractions of Distillate 

For each fraction of distillate, measurement was 
made of the refractive index, nv, at 25° C. From these 
data, a plot was made giving the refractive index of the 
distillate as a function of its volume. Over the range 
from about 75° to 95° C., several successive fractions 
were combined for measurement of the density. The lat- 
ter data with the refractive index yielded a plot of re. 
fractivity intercept, »—d, as a function of volume, for 
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in the range 40° to 102° C. were determined as follows: [sop 
Cyclopentane, 2,2-dimethylbutane: The sum of these compor 
two components was determined from the boiling-point- ing-poi 








volume plot, and the relative amounts of the two com- 
ponents from the refractive-index-volume plot. Com- 
bination of these data gave values for the two compo- 
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2,3-Dimethylbutane, 2-methylpentane, 3-methylper- PTabl 









tane, nhexane, methylcyclopentane: Each of these com- 
ponents was determined individually, using both the 
boiling-point-volume and the refractive-index-volume 
plots. 

2,2-Dimethylpentane plus 2,4-dimethylpentane, cyclo- 
hexane: The sum of these three components was deter- 
mined from the boiling-point-volume plot. The relative 
amount of the paraffins to the naphthene was deter-§...... 
mined from the refractivity-intercept-volume and reff.’ 
fractive-index-volume plots. These two lots of data The 
yielded the amount of cyclohexane and the sum of the a 
two dimethylpentanes. 

1,1-Dimethylcyclo pentane, 2,3-dimethylpentane plus 2- 
methylhexane, trans-1,3-dimethylcyclo pentane, trans-1,2- 
dimethylcyclopentane, 3-methylhexane: The sum of thes¢ 
six components was determined from the boiling-point- 
volume plot. The relative amounts of the three paraffins 
and the three naphthenes was determined from the re- 
fractivity-intercept-volume plot. The amount of 1,1-di 
methylcyclopentane was estimated from the boiling- 
point-volume plot. The sum of the first four compo- 
nents and the sum of the last two components were €s- 
timated from the boiling-point-volume and refractiv- 
ity-intercept-volume plots. The relative amounts ol 
trans-1,2-dimethylcyclopentane and 3-methylhexane 
were estimated from the refractive-index-volume and 
refractivity-intercept-volume plots. These five lots o! 
data serve to solve for the individual amounts of fou 
hydrocarbons and the sum of two hydrocarbons, as 
indicated. 

nHeptane, methylcyclohexane: Each of these compo 
nents was determined individually from the boiling 
point-volume and refractive-index-volume plots. 


Determination of the Individual Aromatic Component 

The individual aromatic components to 160° C. weré 
determined as follows: 

Benzene, toluene: Each of these components was de 
termined individually from the boiling-point-volum4 
plot. F 

Ethylbenzene, pxylene, maxylene, oxylene: The su! 
of the four C, aromatics was determined from the boil 
ing-point-volume plot. The amount of oxylene was de 
termined from the boiling-point-volume plot. The frat 
tions containing all the ethylbenzene and pxylene cone 
combined, including the material from 111° to 150° t. re 
and the amounts of ethylbenzene and of pxylene m thi hensed 
mixture were determined * individually by the method :2ieen 
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TABLE 2 
Aromatic and Sulfur Content of the Naphthas as Received 





Content of 


Content of | Content of Sulfur Aromatic 
Sulfur Compounds Hydrocarbons 
(Percent by (Percent by (Percent by 
Weight) Volume) Volume) 





Bast Texas... ------ we secessaseseness 
Bradford, Pennsylvania..........-.+-. 
Grendale-Kawkawlin, Michigan....... 
Winkler, TeXaS.....--+- sees sere eeeeeee 
Midway, California......-..---..++00. 
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y the project.» The amount of mxylene was obtained 
by difference. 

‘Isopropylbenzene, npropylbenzene: Each of these 
womponents was determined individually from the boil- 
ing-point-volume plot. 


Analytical Data on the Seven Naphthas 

The analytical data obtained on the 7 naphthas are 
sven in Figures 1 to 14 and Tables 2 to 5.} 

Table 2 gives the amounts of the aromatic and sulfur 
compounds in the naphthas as received. 

Figures 1 to 7 give, for the paraffin-naphthene portion 
of each of the 7 naphthas to 102° C., plots of the boil- 
ing point and the refractive index of the distillate as a 
function of its volume. Figures 8 to 14 give, for the 
aromatic portion of each of the 7 naphthas, plots of the 
boiling point and (except for the Bradford, Pennsyl- 
vania, and Winkler, Texas, naphthas) the refractive 
index of the distillate as a function of its volume. 


The letters “A” to “L” in Figures 8 to 14 indicate the 
psition, with regard to boiling point, of the 12 possible 
aromatic hydrocarbons normally boiling between 160° 
and 180° C., as follows: A, 1-methyl-3-ethylbenzene ; 
B, l-methyl-4-ethylbenzene; C, 1,3,5-trimethylbenzene ; 
), 1-methyl-2-ethylbenzene; E, tert-butylbenzene; F. 
|24-trimethylbenzene; G, isobutylbenzene; H, sec-bu- 
tylbenzene ; I, 1-methyl-3-isopropylbenzene ; J, 1,2,3-tri- 
methylbenzene; K, 1-methyl-4-isopropylbenzene; L, 1- 
methyl-2-isopropylbenzene. The analytical data on the 
aromatics above 160° C. are now being studied. 

Table 3 gives the amounts of the individual paraffin 
and naphthene hydrocarbons, 40° to 102° C., in each of 
the 7 naphthas, in terms of the percentage by volume 
ot the Paraffin-naphthene portion, 40° to 102° C. The 
last column gives the estimated uncertainty of an indi- 
vidual determination. 


Table 4 gives the amounts of the individual aromatic 
hydrocarbons to 160° C. in each of the 7 naphthas, in 
rms of the percentage by volume of the aromatic por- 
ton to 160° C. The last column gives the estimated un- 
‘ttainty of an individual determination. 

Table 5 gives the amounts of the individual hydro- 
tarbons (paraffins and naphthenes, 40° to 102° C, and 
‘fomatics to 160° C) expressed in terms of the whole 
listillate, 40° to 180° C. (This was actually taken as 
the Sum of the volumes of the paraffin-naphthene 
ef ° to 180° C, and of the aromatic portion of 

0° C.) The last column gives the estimated un- 
‘rtainty of an individual determination. 


Discussion and Correlation of The Results 
Amounts of Aromatic and Sulfur Compounds 


As seen in Table 2, the sulfur content of 6 of the 
>= 

+ 
Mi other Cy aromatics normally boil above 160° C., and will: be 
tRine in a later report. 
pd Bleen D. Mitchell, laboratory assistant on API Research Project 6, 
tio in measuring refractive indices and preparing the illustra- 
08 for this eport. 
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The scale of ordinates on the left gives the boiling point 


at 770 mm mercury, in degrees centigrade, and that on the 
right the refractive index, mp, at 25° C. The scale of abscis- 
sae gives the volume of distillate in milliliters. The solid 
circles and the crosses give the boiling points and refractive 
indices, respectively, of the indicated pure components. 
FIGURE 1 

Plot of the Boiling Point and Refractive Index as a Function of 
Volume for the Distillate, to 102° C., from the Analytical Distillation 
of the Paraffin-Naphthene Portion of the Ponca, Oklahoma, Naphtha. 
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Amounts of the Individsal Hydrocarbons in the Paraffin-Naphthene Portion, 40 to 102° C., of the 7 Naphthas 
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Percentage, by Volume, of the Paraffin-Naphthene Portion, 40 to 102° Cc, 
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| | | ~ | wl i 
} (Estimated 
ncerta 0 
—s | | of individ? ; 
id re) 
| Point, at 1 Greendale- ual Deter. z 
| Atmosphere Ponca, East | Bradford,| Kawkawlin,| Winkler, | Midway, | Conroe, mination 
Component (°C. ) Okla. Texas | Pa. Michigan Texas Calif. -| Texas z 
ER Ta  e 49.26 0.40 | 0.74 0.57 0.62 116 | 239 | 076 | oO g 
2,2-Dimethy MMR go 0-5 vaca ocd 4 49.74 0.33 0.44 0.40 0.13 | 0.92 | 0.81 | 0.61 0.12 ie 
2,3-Dimethylbutane...................00. 57.99 0.66 1.09 1.14 0.76 } 2.08 | 0.98 0.99 0.12 4 
2-Methylpentane. ‘ bce rattan eetss 60.27 3.27 | 6.30 9.10 | 3.45 | 6.61 | 5.50 4.94 0.12 
sos he ee el ak sla siaiaie dé 63.28 3.03 4.79 | 5.41 2.27 | 16.53 | 3.73 3.42 0.12 : é 
ee ons wk eseeg: 68.74 15.79 | 12.59 | 15.61 | 29.06 | 4.47 | 6.14 7.59 0.10 y 
ae. ee date' 79 '30\ 7.60 9.49 3.65 | 4.04 6.12 13.02 9.11 0.10 F 
pa 79.20 a all 9 29 2999 | 76 a9or | ~ ‘ : : 
2,4-Dimethylpentane . ge A 80.51 J 0.83 2.38 2.29 0.76 3.25 147 | 1.29 0.20 
Cyclohexane wy Shs 80.74 6.23 4.80 | 4.75 | 5.14 2.57 8.10 | 13.29 0.15 y 
(2,2,3-Trimethylbutane).................... 80.88 (i See SBS ey ae eee Dae Ree Be aden, nh 
(3,3-Dimethylpentane). .. . 86.06 Ee eee eee Racor al Cee Jloele: (URS te Otte « Gave Hy 
> 1-Dimethylcyclopentane ice as ae 87.5 1.42 1.43 1.41 0.93 2.45 1.87 | 1.37 0.40 3 
SS rae eee 89.79 } . 0 2° o7F 7 7 Be - 7a a 
hee ah mong alapteph Pork one} 9.46 9.23 9.76 | 4.86 17.67 7.01 7.60 0.50 
trans-1, 3-Dimethylcyc lope ntane.. 90.8 10.41 10.23 4.00 1.76 | 6.08 | 17.05 | 4.77 0.60 2 
trans-1,2-Dimethylcyclopentane........... 91.9 3.56 | 4.11 3.76 0.63 4.69 | 6.66 1.25 0.50 
3-Methylhexane nied ean eG 6'ad ols « 91.95 } 287 |} 3.05 4.03 0.93 } 14.55 | 1.96 1.43 0.50 fo 
(8-Bthyipentane).....................00. ee er a oer Po sc een ig An Be Pie ae Po, ad Me 213 
(cis-1, 3-Dimethylcyclopenta eee ee ee (?) Ds NS pated | ae Oo ee traits Pe oe ae eee war Saas fe 
I ERED © os rch we hice i pees esac 98.43 19.92 12.13 18.82 34.04 5.02 | 3.85 | 10.63 0.12 13 
(2,2,4-Trimethylpentane)...... ee > OE. Therds's Mike SEP! Mowe | Sie ree) Se Bae ete’ ae 
(cis-1,2-Dimethylcyclopentane)......... 99.3 sus. | TES pe ee ee ide sy aol DY area 10% ‘ 
Methylcyclohexane...... : 100. 9% 3 14.22 | 17.20 15.30 10.61 | 5.82 | 19.46 30.95 0.20 
iia ta Dkk annie Vive w oftra s Sos wk hg 100.00 100.00 100.00 100.00 100.00 100.00 100.00 Th 
'; ie ae ea ies ae Ni ae a ati ae id apr oe oe ee a ———— i right t' 
TABLE 4 and th 
Amounts of the individeal Aromatic Hydrocarbons in b the Aromatic Distillate, to 160° C., tor the 7 hn aa 
Plot of th 
Percentage, by Volume, of the Aromatic Portion, to 160° C. 
Estimated 
Uncertainty 
Boiling of Individ- 
Point, at 1 Greendale- | ual Deter- 
Atmosphere Ponca, East Bradford, Kawkawlin,| Winkler, | Midway, | Conroe, | mination 
Component (°C.) Okla. Texas Pa. | Michigan Texas Jalif. Texas + 
Benzene... 80.10 8.1 3.3 3.7 12.5 7.1 4.2 6.1 0.6 
Toluene. ’ 110.62 27.1 27.4 29.3 35.2 14.2 26.9 36.5 0.5 
Ethylbenzene 136.19 9.9 10.7 5.0 7.2 13.0 13.9 4.6 1.2 
pXylene...... 138.35 5.1 7.9 9.7 5.6 19.8 9.2 8.8 1.2 
mXylene... er how 139.11 27.1 30.6 35.3 23.9 13.4 22.6 30.2 2.0 
SE Bata id 066s oes a6 144.42 14.1 13.9 12.1 10.3 4.8 13.2 10.1 0.7 
Isopropylbenzene. . . 152.40 - 3.8 2.5 1.9 2.6 16.6 5.5 1.6 0.6 
nPropylbenzene 159.22 4.2 3.7 3.0 2.4 11.1 4.5 2.1 0.8 
Total. . 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
TABLE 5 
Amounts of the Individual Hydrocarbons (Paraffins and Naphthenes, 40 to 102° C, " 
and Aromatics to 160° ¢) in the Grighnst Hayhtihe Pt 
= = ——— ——— =— — rs c 
_Percentage, by Volume, of the atucnanpened 40 t to 180° C. 
Estimated . 9 
Uncertainty 
Boiling of Individ- 8 
Point, at 1 Greendale- ual Deter- uw 
Atmosphere Ponca, East Bradford,| Kawkawlin,| Winkler, | Midway, | Conroe, mination t 
Component ("C.) | Okla. Texas Pa. Michigan | Texas Calif. Texas + 57 
i 
Paraffin and Naththene: . q 
Cc yc lopentane........ ei id estat) 49.26 0.15 0.31 0.23 0.26 0.31 0.79 0.25 0.05 a 6 
OS ee 49.74 0.125 0.19 | 0.16 0.05 0.24 0.27 0.20 0.05 
ee 57.99 0.25 0.46 0.47 0.32 | 0.55 0.33 0.33 0.05 w 
I Fa or ee ew asalaae 0 3 60.27 1.24 2.67 3.73 1.44 | 1.76 1.83 1.61 0.05 a 5 
3-Methyipentane.......... 63.28 1.15 2.03 2.22 0.95 4.40 1.24 1.12 0.05 bs 
nHexane...... as aa: 68.74 5.98 5.34 6.31 12.11 1.19 2.04 2.48 0.04 Wg 
So! leyc lopentane . ; bi nk dada tea es 71.81 2.88 4.03 1.50 1.68 1.63 4.33 2.97 0.04 + 
Nh ai ore ee Lali a a6 ale d's 79.20) | o+n ad 4 > 0.08 
2,4-Dimethylpentane..... a aie t chook ue 80.51 } | 0.315 1.01 | 0.94 0.32 0.87 0.49 0.4 : 3 
es or. dp ae ccaes basic 80.74 2.36 | 2.04 1.95 2.14 0.64 2.69 4.34 0.06 
(2,2,3-Trimethylbutane). . BA ee | 80.88 | ee eae rps an | phe eye aah eee 
(3,3-Dimethylpentane)................... : 86.06 ots inate er? ete Sate. rae a a Pee 13 
11. Dimethylcyclopentane.......... phi bs 87.5 0.54 0.61 0.58 0.39 0.65 0.62 0.45 0.16 
2,3-Dimethylpentane)...................8:. 89.79\ @ Ro 2¢ | ° 0 |, ” 9 2 2 4s 0.20 to 
| eee eed 90.05 3.58 3.91 4.00 2.03 4.70 o.08 — 0.25 213 
trans-1,3- Dimethylcyclope eS rere ae 90.8 3.94 4.34 1.64 | 0.73 1.62 5.66 1.56 . 
trans-1,2-Dimethylcyclopentane 91.9 1.35 1.74 1.54 0.26 1.25 2.21 0.41 4 (2 
3- Methylhe PITRE anaes «ale 06 were 0:8 91.95 1.09 1.29 1.65 0.39 3.87 0.65 0.47 0.2 
et ee 93.47 : Sean a mee rie Bs Sears a vos 
(cis-1, 3-Dimethyleyclopentane). . (?) oF eae, Sikes bahia alee 0.03 
nHeptane. Ne a we 98.43 7.55 9.14 7.71 14.19 1.34 1.28 3.47 0.00 
(2,2,4- Trimethy Ipent aR a ea 99.24 - eee ; rete Pears vee Th 
(cis-1,2- Dimethyleyclopent: |, Sa rere Bere 99.3 | } gs 0.08 
Methylcyclohexane....................... 100.93 5.39 | 7.30 6.27 | 4.42 1.55 | 6.47 10.10 right t 
Aromatic: s 0.03 and thy 
Benzene... Diatic iis (os a icken dag huey Gor 80.10 0.46 =| 0.21 .19 0.63 0.13 | 0.20 1.23 0.03 
NEON 5 ttn les G6 Mle Jaye odd 0'4.8 3 0.8% 00.08 110.62 1.53 1.73 1.52 | 1.77 0.26 | 1.28 7.34 0.08 
TS eer eee } 136.19 0.56 | 0.68 | 0.26 | 0.36 0.23. | 0.66 0.93 0.06 
pXylene. ty Aaa OR SG Pa 138.35 | 0.29 0.50 | 0.50 | 0.28 si 0.36 | 0.44 1.78 010 Plot of ¢ 
mXylene......... Lge seutesnissh on hence 139.11 1.53 1.93 1.83 1.20 | 0.24 | 1.08 | 6.10 0.04 
oXylene....... Dene ae 144.42 0.80 | 0.88 0.63 052 | 0.09 0.63 | 2.04 003 
Isopropy Ibenzene.. Kee Y Ce cise ve alba b<ih 7 152.40 0.21 0.16 0.10 0.13 0.30 0.26 0.32 0.04 
BOS SEED San are ee eee ce 159.22 0.24 | 0.23 0.16 0.14 0.20 0.21 | 0.42 : 
| | | ! alin ————~= 

















nated 
tainty 
divid- 
Jeter- 
ation 


.60 
50 
50 


.20 


nated 
‘tainty 
divid- 
Jeter- 
ation 


nated 
rtainty 
divid- 
Deter- 
ation 


.05 


04 
04 
.08 


.06 


16 



































110 . T Baris T T T Tye T r T r T r nny T T T mi T T 7110 
¥ ii ¥ ee , ' ii ‘ ae bh - nEPTANE a RRNA rs 
100 : gr = lens ‘ : ¥ar a 
| of 4h Bisse Toe ae 9 eon 100 
9 r 2 33 > Rit . H ~ 1 z 
o 9F 2 48 Pie 19% « 
8 H 5 : = 
r ie : : = 
z 80} " ae ie ———<p— | = 
g - ya ¢ 2 —— ®-MEX ANE incest x 4 
p 70- AS ss . 
s | Ha 
60} so 
, 
w L 
i 1 
50- ' 
40 
30 
I 4 
37 cA” PARAFFIN-NAPHTHENE PORTION 437 
EAST TEXAS NAPHTHA 7 
Z 136 4136 
135 ; L 1 1 rt l 1 1 1 1 rn l 1 A 4 l 1 l 1 1 1 l 1 a : Ks] 
100 200 300 400 500 600 700 800 3900 1000 1100 1200 1300 
Vv (0) be U MoE . oe ML 


The scale of ordinates on the left gives the boiling point at 770 mm mercury, in degrees centigrade, and that on the 


right the refractive index, mp, at 25° 


The scale of abscissae gives the volume of distillate in milliliters. The solid circles 


and the crosses give the boiling points and the refractive indices, respectively, of the indicated pure components. 


FIGURE 2 


Plot of the Boiling Point and Refractive Index as a Function of Volume for the Distillate, to 102° C., from the Analytical Distillation of the Paraffin- 


Naphthene Portion of the East Texas Naphtha. 
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FIGURE 3 


Plot of the Boiling Point and Refractive Index as a Function of Volume for the Distillate, to 102° C., from the Analytical Distillation of the 
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Paraffin-Naphthene Portion of the Bradford, Pa., Naphtha. 
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The scale of ordinates on the left gives the boiling point at 770 mm mercury, in degrees centigrade, and that on S tight 
right the refractive index, mp, at 25° C. The scale of abscissae gives the volume of distillate in milliliters. The solid circles @ and 
and the crosses give the boiling points and the refractive indices, respectively, of the indicated pure components 


FIGURE 5 Mat ¢ 


Plot of the Boiling Point and Refractive Index as a Function of Volume for the Distillate, to 102° C., from the Analytical Distillation of the 





Paraffin-Naphthene Portion of the Winkler, Texas, Naphtha. 
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The scale of ordinates on the left gives the boiling point at 770 mm mercury, in degrees centigrade, and that on the 
1 of the™ right the refractive index, mp, at 25° C. The scale of abscissae gives the volume of distillate in milliliters. The solid circles 
and the crosses give the boiling points and the refractive indices, respectively, of the indicated pure components. 


FIGURE 6 


Plot of the Boiling Point and Refractive Index as a Function of Volume for the Distillate, to 102° C., from the Analytical Distillation of the 
Paraffin-Naphthene Portion of the Midway, California, Naphtha. 
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«ite _ The scale of ordinates on the left gives the boiling point at 770 mm mercury, in degrees centigrade, and that on the 
socls = the refractive index, mp, at 25° C. The scale of abscissae gives the volume of distillate in milliliters. The solid circles 
F nd the crosses give the boiling points and the refractive indices, respectively, of the indicated pure components. 


FIGURE 7 


of the Plot of the Boiling Point and Refractive Index as a Function of Volume for the Distillate, to 102° C., from the Analytical Distillation of the 
Paraffin-Naphthene Portion of the Conroe, Texas, Naphtha. 
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The scale of ordinates on the left gives the boiling point 
at 770 mm mercury, in degrees centigrade, and that on the 
right gives the refractive index, mp, at 25° C. The scale of 
abscissae gives the volume of distillate in milliliters. The 
solid circles and the crosses give the boiling points and re- 
fractive indices, respectively, of the indicated pure compon- 
ents (see text for explanation of the letters “A” to “L’”). 


FIGURE 8—Plot of the Boiling Point and Refractive Index of the Dis- 
tillate from the Analytical Distillation of the Aromatic Portion of the 
Ponca, Oklahoma, Naphtha. 
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The scale of ordinates on the left gives the boiling point 
at 770 mm mercury, in degrees centigrade, and that on the 
right gives the refractive index, mp, at 25° C. The scale of 
abscissae gives the volume of distillate in milliliters. The 
solid circles and the crosses give the boiling points and re- 
fractive indices, respectively, of the indicated pure compon- 
ents (see text for explanation of the letters “A” to “L”). 


FIGURE 9—Plot of the Boiling Point and Refractive Index of the Dis- 
tillate from the Analytical Distillation of the Aromatic Portion of the 
East Texas Naphtha. 
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The scale of ordinates on the left gives the boiling point 
at 770 mm mercury, in degrees centigrade, and that on the 
right gives the refractive index, mp, at 25° C. The scale of 
abscissae gives the volume of distillate in milliliters (see 
text of explanation of letters “A” to “L”). 

FIGURE 10—Plot of the Boiling Point and Refractive Index of the Dis- 
tillate from the Analytical Distillation of the Aromatic Portion of the 








Bradford, Pennsylvania, Naphtha. 
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at 770 mm mercury, in degrees centigrade, and that on te 
right gives the refractive index, mp, at 25° C. The scale of 
abscissae gives the volume of distillate in milliliters. The 
solid circles and the crosses give the boiling points and tt 
fractive indices, respectively, of the indicated pure compon- 
ents (see text for explanation of the letters “A” to L ). 
FIGURE 11—Plot of the Boiling Point and Refractive Index of the . 
tillate from the Analytical Distillation of the Aromatic Portion of the 
Greendale-Kawkawlin, Michigan, Naphtha. 
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naphthas is below 0.05 percent by weight—with the 
seventh naphtha, Winkler, Texas, containing 0.16 
percent by weight. The corresponding amounts of 
sulfur compounds range from 0.007 to 0.17 percent by 
yolume for 6 of the naphthas, and is 0.59 percent by 
yolume for the Winkler, Texas, naphtha. For 5 of 
the naphthas, the aromatic content ranges from 7.2 to 
10.4 percent by volume ; whereas the Winkler, Texas, 
naphtha is 4.9 and the Conroe, Texas, naphtha is 27.6 
percent by volume. 


Amounts of the Individual Paraffin and Naphthene 
Hydrocarbons, 40° to 102° C 


Table 3 shows that the paraffin-naphthene portions of 
the 7 naphthas contain the same hydrocarbon com- 
ponents, the difference between the several naphthas 
being in the relative amounts of the components. 

There are listed in Table 3 the 6 possible hydrocar- 
bon components (excluding napthenes other than 
alkyl cyclopentanes and alkyl cyclohexanes) which 
were not present in detectable amounts. These in- 
clude three C, isoparaffins (2,2,3-trimethylbutane, 
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The scale of ordinates on the left gives the boiling point 
at 770 mm mercury, in degrees centigrade, and that on the 


at gives the refractive index, mp, at 25° C. The scale of 
abscissac gives the .volume of distillate in milliliters (see 
text for explanation of letters “A” to “L”). 


FIGURE 12 
Plot of the Boiling Point and Refractive Index of the Distillate from the 
alytica! Distillation of the Aromatic Portion of the Winkler, Texas, 
Naphtha. 
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The scale of ordinates on the left gives the boiling point 
at 770 mm mercury, in degrees centigrade, and that on the 
right gives the refractive index, mp, at 25° C. The scale of 
abscissae gives the volume of distillate in milliliters. The 
solid circles and the crosses give the boiling points and re- 
fractive indices, respectively, of the indicated pure compon- 
ents (see text for explanation of letters “A” to “L”). 

FIGURE 13—Plot of the Boiling Point and Refractive Index of the Dis- 
tillate from the Analytical Distillation of the Aromatic Portion of the 
Midway, California, Naphtha. 
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The scale of ordinates on the left gives the boiling point 
at 770 mm mercury, in degrees centigrade, and that on the 
right gives the refractive index, mp, at 25° C. The scale of 
abscissae gives the volume of distillate in milliliters. The 
solid circles and the crosses give the boiling points and re- 
fractive indices, respectively, of the indicated pure compon- 
ents (see text for explanation of letters “A” to “L”). 
FIGURE 14—Plot of the Boiling Point and Refractive Index of the Dis- 
tillate from the Analytical Distillation of the Aromatic Portion of the 

Conroe, Texas, Naphtha. 
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TABLE 6 


varaffins, Alky! Cyclopentanes, and Alkyl Cyclohexanes 


Relative Amounts of the Total Paraffins and Total Naphthenes, and of Normal Paraffins, Iso- 

































































































































































Percentage, by Volume, 
Paraffin-Naphthene Percentage, by Volume, of the Peraffin-Naphthene 
Portion, 40 to 102° C. Portion, 40 to 102° C. 
Total Total Normal Alkyl Alkyl oo 
Naphtha Paraffins Naphthenes Paraffins Isoparaffins Cyclopentares | Cyclohcxanes 
oo iin 6 Eb cb ek uct eekve 56.2 43.8 35.7 20.5 23.4 20 
Ss tad) @ bie dias oats h'gee'e'e'ss « 0 52.0 48.0 24.7 27.3 26.0 22.0 
eee eee 66.6 33.4 34.4 32.2 13.4 20.0 
Greendale-Kawkawlin, Michigan................ 76.3 23.7 63.1 13.2 8.0 15.7 
Chie a ok fe Vase ede caeeh sae ee 71.1 28.9 9.5 61.6 8.4 20.5 
rc i cca ea cd eesepeasives 31.5 68.5 10.0 21.5 41.0 27.5 
A hd oli, tage einen w't)¥'s «cbse ee 38.5 61.5 18.2 | 20.3 17.3 44.2 
TABLE 7 
Relative Amounts of the Components within the Various Groups 
| | | | | seit 
Boiling | | Green- 
Point at 1 | dale 
Atmos- | Kaw- | 
phere | Ponca | East Bradford | kawlin | Winkler | Midway Conroe | Range of | Average 
Group Components (°C.) Oklahoma Texas Pa. | Michigan Texas | California Texas Values | Value 
Normal paraffins............. < 2 ES anu | « | 81 45 | 47 61 42 | 42 to 61 48 
nheptane. . . 98.43 | 56 49 55 54 | 53 39 58 39 to 58 | 52 
NN Wctney owe wheres 106 | 100 100 100 | 100 100 100 Dp vag eee *: 100 
| | 
SRL one. Sch ab cdewed cd Mi ain dene ake cese-ckeseet 36 | 46 50 | 50 } 43 51 49 | 36 to 51 | 47 
iicgictngtistaiawes chy: te. eae 5 | 5 | 8& 49 51 | 49to64| 83 
|—____- |__—_ |——_—— —— — 
DEO Oe | 100 | 100 10 | 100) || 100 | 1000 | (100 | ...... 100 
| | | 
Individual C¢ isoparaffins........ 2,2-dimethylbutane. . . . ; 49.74 | 5 4 3 2 4 } 7 6 | 2to7 4 
2,3-dimethylbutane...........] 5799 | 9 | 9 | 7 2G dees Ee Se ee 7tol2| 9 
2-methylpentane......... | 60.27 | 45 } 50 | 56 52 25 | 50 | 50 | 25 to 56 | 47 
3-methylpentane........... | 63.28 ee a 34 | 68 | 634 | S84 84 to G3] 40 
. a | |— é ~_———_— 
ee 100 =6| «100 =6©| «100 | 100 =| 100 | 100 | 100 100 
Individual C7 isoparaffins........ 2,2-dimethylpentane. . . 79.20\ | . , | | 
2'4-dimethylpentane. 80.51 6 16 14 12 9 | 14 | 12 6 to 16 12 
2,3-dimethylpentane. . . . 89.79) "6 . . a si 7 - 
2-methylhexane.............. 90.05 | 72 63 61 v4 50 6 | “4 tod | 66 
3-methylhexane............ 91.95 | 22 21 25 14 | 41 19 14 a to 41 | | 2 
cSt 100 100 =| ~=100 ma. . |: 0. fae OL ee 100 
| | | } 
Alkyl cyclopentanes............. Os eR an Ga) kore bee 2 3 4 8 6 6 | 4 | 2to8 5 
EN in ae tae Le awe oe 32 | 36 7 50 | 30 | 32 53 27 to 53 37 
Cz aves | ; | 66 | 61 69 42 | 64 | 62 | 43 41 to 68 58 
| -__—_—_8—__| —|- | = | ————————— —_——_— 
RR oe oh | 100 | 100 =|. 100 =| ~ 100 100 100 =| ~—«100 100 
Individual alkyl cyclopentanes. . . cyclopentane. . 49.26 | 2 3 4 8 6 6 | 4 2to8 | 5 
methyleyclopentane. . 71.81 | 32 | 36 27 | 50 30 32 53 27 to 53 | 37 
1,1- dimethylcyclopentane. . 87.5 6 6 11 12 12 | 5 | 8 | Sto 12 | 9 
trans-1,3-dimethylcy clopentane. 90.8 45 39 30 22 29 41 | 28 | 22 to 45 | 33 
trans-1,2-dimethylcyclopentane.| 91.9 15 16 28 8 23 | 16 7 7 to 28 16 
as chxiss aceuan | 100 100 100 =| «(100 100 100 aa RR | 100 
Individual! alkyl cyclopentanes....| cyclohexane.................. 80.74 | 30 21 24 33 31 29 30 21 to 33 28 
methyleyclohexane. .......... 100.93 | 70 79 76 67 69 71 70 | 67to79| 72 
Wo. 5 ivtnane: | 100 | 100 100 =| ~—«100 100 es a a eee 100 
| | | “ 
MIMICS ca he oe \.c.ss ve coscei NER TE TREE ere ann ey Ooi 4 eS ee 10 Ban 6 4to13; 7 
ee MENA Gk dea kiecae dawned \* 30 29 31 37 20 30 38 20 to 38 | 31 
OEE CA Pet 61 67 65 | 50 7 65 56 50.to 70 z 62 
| RAR ere es) | 100 100 100 =| ~=100 100 100 100 | 100 
Individual Cs aromatics......... ethylbenzene................ 136.19 | 18 17 9 15 25 24 8 8to25|) 17 
LG ona co 85s ep eked e--| 138.35 9 13 16 12 39 16 16 9 to 39 17 
EPR eee ore 139.11 48 48 56 51 26 38 57 26 to 57 | 46 
MINE 36,5 Gese x Cicethhiquan 144.42 25 22 19 22 10 22 19 10to25| 20 
| —— 
ast 05 wanieess | 100 100 100 100 100 | 100 100 | 100 
| fee 
TABLE 8 
Relative Amounts of the Alkyl Cyclopentanes and Alkyl Cyclohexanes in the 7 Naphthas, 40 to 102° C. 
| Greendale- 
Ponca, East Bradford, | Kawkawlin,} Winkler, Midway, Conroe, 
Components Oklahoma Texas Pa. Michigan Texas California Texas 
gil nc a Se Scie e's ap a Wie did bmi bia.8 2 53 53 34 34 71 60 28 
I eke wire nh oc8S Soma Bane kd0e.0 6866 t0 shah 47 47 66 66 29 ot a ee 
RS Sie pac nan cade tke tddok bei nadue's tea : 100 100 100 100 100 100 100 
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3 3-dimethylpentane, and 3-ethelpentane), one C, 
jsoparaifin (2,2,4-trimethylpentane*), and two alkyl 
cyclopentanes (cis-1,3-dimethylcyclopentane and cts- 
1,2-dimethylcyclopentane). To our knowledge, no 
one of these six hydrocarbons has yet been definitely 
identified as a component of naturally occurring 


petroleum. 
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A given corner represents 100 percent composition for the 
component indicated there, whereas the base line opposite 
the given corner represents zero composition for that com- 
ponent. For example, a point at the normal paraffin corner 
represents 100 percent normal paraffins and a point on 
the base line opposite (joining the naphthene and isoparaffin 
corners) represents zero normal paraffins. 


FIGURE 15 
Triangular Plot Showing the Relation between the Content of Normal 
Paraffins, Isoparaffins, and Naphthenes (Cycloparaffins), for the Seven 
Naphthas. 


Relative Amounts of Paraffins and Naphthenes; and of 
Normal Paraf fins, Isoparaffins, Alkyl Cyclopen- 
tanes and Alkyl Cyclohexanes 

Table 6 gives in the second and third columns the 
relative amounts of total paraffins and total naph- 
thenes in the paraffiin-naphthene portiog, 40° to 102° 

C, for the 7 naphthas. In the last 4 columns of Table 

6 are given the relative amounts of the normal paraf- 

fins, isoparaffins, alkyl cyclopentanes, and alkyl cyclo- 

hexanes—which 4 classes appear (as will be seen 
later) to be the ones which are characteristic of the 
paraffin-naphthene portion of several crudes. 


_Itis interesting to note the large range in composi- 
tion covered: total paraffins, 31 to 76; total naph- 
thenes, 24 to 69; normal paraffins, 9 to 63; isoparaf- 
tins, 13 to 62; alkyl cyclopentanes, 8 to 41; alkyl 
cyclohexanes, 16 to 44. 

Figure 15 gives a triangular plot which shows 
graphically the relative amounts of the normal paraf- 
tins, iso-paraffins, and total naphthenes. 

These data indicate the extreme overall range in 
composition of the non-aromatic portion of the seven 
naphthas, and indicate that the advisory committee 
made a good selection of crudes for this investigation. 


Relative Amounts of the Components within Given 
Classes 
Table 7% gives, for each of the 7 naphthas, the rela- 


tive amounts of the following individual components 
*The other octanes normally boil above 102° C, and will be dis. 

cussed in 4 later repott, 

wot € present, bicyclonaphthenes, the first of which is apparently 
Counter. /* at 147° C, are not considered in this classification. 
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and groups of components: 

C, and C, normal paraffins. 

C, and C, isoparaffins. 

Individual C, and C, isoparaffins. 

C,, C,, and C, alkyl cyclopentanes, 40° to 102° C. 

Individual alkyl cyclopentanes, 40° to 102° C. 

C, and C, alkyl cyclohexanes. 

C,, C;, and C, aromatic hydrocarbons. 

Individual C, aromatic hydrocarbons. 
For each of these groups, there are given the aver- 
ages of the relative amounts of the components, to- 
gether with the ranges covered. It is seen that, with- 
in the given classes, the individual hydrocarbons 
occur in proportions which are of the same order of 
magnitude for the seven naphthas. 


Relative Amounts of the Alkyl Cyclopentanes and Alkyl 
Cyclohexanes, 40° to 102° C 

Table 8 gives the relative amounts of the alkyl 
cyclopentanes and alkyl cyclohexanes, 40° to 102° C. 
As can be seen the relative amounts of these two 
groups of components show little correlation, but 
rather appear to be characteristic of the crude, just 
as are the relative amounts of the normal paraffins 
and isoparaffins. 

Conclusion 


On the basis of the data obtained in the present in- 
vestigation, the following conclusions may be drawn 
with regard to the composition of the gasoline frac- 
tion of different petroleums, to 102° C for paraffins 
and naphthenes and to 160° C for aromatics. The 
extent to which these conclusions may be applied to 
higher-boiling material will be determined by the 
studies now in progress. 

1. The gasoline fraction of different crudes may be 
characterized by specifying the relative amounts of 
the following five classes of hydrocarbonsf: normal 
paraffins, isoparaffins, alkyl cyclopentanes, alkyl 
cyclohexanes, and aromatics. 

2. The gasoline fractions of different crudes are 
composed of the same hydrocarbons, the differences 
from one crude to another being essentially in the 
relative amounts of the foregoing five classes of 
hydrocarbons. 

3. Within each of these five classes, the individual 
hydrocarbons occur in proportions which are of the 
same order of magnitude for different naphthas. 

4. It appears possible to predict the order of mag- 
nitude of the amounts of the individual hydrocarbons, 
paraffins, and naphthenes, 40° to 102° C, and aroma- 
tics to 160° C, present in an appropriate fraction of a 
given naphtha when there are known the relative 
amounts of the foregoing 5 classes of hydrocarbons, or, 
alternatively for each class, the amount of one of the 
main components of that class. | 
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The Synthesis and 
Properties of Hydrocarbons of High 


Molecular Weight—Ill 


R. W. SCHIESSLER, D. G. CLARKE, C. S. ROWLAND, W. S. SLOATMAN and C. H. HERR 
The Pennsylvania State College 


ae Project 42* of the American Petro- 
leum Institute was placed at The Pennsylvania State 
College for the preparation and study of pure hydro- 
carbons of high molecular weight. The project is 
rapidly building a “bank” of hydrocarbons of various 
molecular types, and is carefully compiling their 
physical properties. 

The need for research of this nature is evident. It 
should permit better conclusions concerning the 
chemical composition of lubricating oils, should 
clarify the variation of physical properties with 
chemical structure of hydrocarbons in the lubricating- 
oil range, and should supply accurate information 
required for physicochemical calculations. Further, 
the data thus compiled may well prove particularly 
valuable in the field of special oils. Reliable methods 
for the preparation and purification of hydrocarbons 
in this range are being developed. 

The work of the first two years was summarized in 
the first two papers of this series,’ ? which were pre- 
sented at the twenty-second and twenty-third annual 
meetings of the American Petroleum Institute. The 
correlation of physical properties with chemical struc- 
ture of 42 hydrocarbons of high molecular weight was 
then reported. The present discussion deals with the 
continuation of the work, and 24 additional pure 
hydrocarbons of high molecular weight are reported. 
They consist of a variety of molecular types: aro- 
matics, naphthenics, aromatic olefins, naphthenic 
olefins, fused ring compounds, and isoparaffins. Seven 
of the compounds contain cyclopentyl rings. The 
effect on physical properties of progressive cycliza- 
tion to phenyl, cyclohexyl, or cyclopentyl groups has 
been studied carefully, and is especially interesting. 
The systematic research on the influence of position 
of phenyl and cyclohexyl rings on a paraffinic straight 
chain has been completed, and the results are reveal- 
ing. The effect of olefinic linkages on the physical 
properties of several of the polycyclic hydrocarbons 
reported here is surprising. The work completed on 
complex mixtures of hydrocarbons of high molecular 
weight is included, and tentative generalizations made 
regarding the laws of mixtures. 

Further work on multi-ring compounds, both fused 
and non-fused, is in progress. 


History 


A historical discussion of the subject was given in 
the first paper of this series,* and extended in the 
* Frank C. Whitmore, director; Advisory Committee: L. C. Beard, 


Jr. (chairman), George Calingaert, L. M. Henderson, and lL. A. 
Mikeska. 
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To work during the past year of American Petro. 
leum Institute Research Project 42 at The Pennsylvania 
State College on the synthesis and properties of hydro- 
carbons of high molecular weight is summarized in this 
paper. 

Twenty-four new hydrocarbons ranging in molecular 
weight from 326 to 479 have been prepared, making a 
total of 66 pure hydrocarbons of high molecular weight 
reported by this project since its inception in July, 
1940. The physical properties determined by us for 
each of the hydrocarbons are as follows: 

1. Kinematic viscosity at 32, 68, 100, 140, and 210° 
F.; Saybolt Universal viscosity calculated for 100 and 
210° F. 

2. Kinematic viscosity index by the Dean and Davis 
method. 

3. Density at 32, 68, 100, 140, and 210° F.; gravity, 
in degrees API, calculated. 

4. Melting point from the melting curve. 

5. Boiling point at 0.50 mm. and 1.00 mm. from 
vapor-pressure curve over the range 0.50 mm. to 10.0 
mm. pressure. 

6. Heat of vaporization, calculated for the range 
0.50 mm. to 10.0 mm. pressure. 

7. Aniline point, reported in ° C. and ° F. 

_8. Refractive index at 20, 30, and 40° C. 

9. Specific and molecular refraction, calculated for 
20° ¢. “ 

10. Molecular volume, calculated at 20° C. 

These data have been employed in checking the 
work of Kurtz and Lipkin on molecular volume, the 
method of calculating refractive index of Lipkin and 
Martin, and the correlation of refractive-index change 
and density change of Ward and Kurtz. In addition, 
the methods of predicting percentage naphthenic rings 
in oils of Davis and McAllister, of Waterman, and of 
Lipkin and Kurtz have been applied to the pure hydro- 
carbons and thus evaluated. 

The work of the project on the properties of mix- 
tures has been extended to include three complex mix- 
tures of heavy hydrocarbons. Several methods for pre- 
dicting the properties of a blend from the properties 
of the pure components have been examined. 

Tentative generalizations regarding the effect of 
chemical structure on the physical properties of an oil 
have been proposed. 

This paper was presented to Division of Refining, 
before Twenty-fourth Annual Meeting of the American 
Petroleum Institute, Chicago, November 10, 1943. 

Changes in addr of of the authors are: 
D. G. Clarke, Rohm and Hass Company, Philadelphia; 
C. S$. Rowland, Interchemical Corporation, New York; 
W. S. Sloatman, American Cyanamid Corporation, Stam- 
ford, Connecticut. 
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second paper.? For a complete treatment, the reader 
is referred to the paper of Mikeska.* Within the past 
year there have been no publications of especi 
interest in this field. 
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The Hydrocarbons and Their Properties 

In Table 1 are listed the 24 new hydrocarbons com- 
pleted within the past year and their physical prop- 
erties. As outlined in the first paper,’ only those com- 
pounds are accepted and given PSC numbers that 
fulfill the following requirements: more than 100 
grams of material of high purity shall have been 
made; and a number of the significant physical prop- 
erties must have been determined. Besides the physi- 
cal constants which have been reported, others (e.g., 
heats of combustion, specific heats, surface tension, 


lated by the use of the Clausius-Clapeyron equation 
from the vapor-pressure data for the range 0.50 mm 
to 10.0 mm. Aniline points were determined as de- 
scribed in ASTM Method D611-41T, with a repro- 
ducibility of +0.2° C. Experimental molecular vol- 
umes were obtained from the molecular weights and 
the densities at 20° C. The calculated molecular 
volumes for the saturated hydrocarbons are from the 
atomic values of Kurtz and Lipkin.*® 

The éalculated values for the refractive indices at 
20° C. of the saturated hydrocarbons are from the 


a 


9-nOctylheptadecane 
PSC 25 


Parent Compound 


C—C—C, 


9 (2-Phenylethy]l) - 
heptadecane 
PSC 87 


a) as, @, 


a C; 


1-Pheny]l-3 (2-phenyl- 
ethyl) hendecane 
PSC 18 


oes ae 


0 


1,5-Dipheny]-3- (2-phenyl- 
ethyl) -pentane 
PSC 89 


C,—C—C, 


9 (2-Cyclohexylethy]) - 
heptadecane 
PSC 88 


C—c—C—{"_ 


1-Cyclohexyl-3 (2-cyclo- 
hexylethyl) hendecane 
PSC 19 


1,5-Dicyclohexy]-3- (2-cyclo- 
hexylethy]) -pentane 
PSC 90 


C.—C—C, 


a 


9 (3-Cyclopentylpropy]) - 
heptadecane 
PSC 110 


i 


a 


1-Cyclopenty]-4- (3-cyclo- 
pentylpropyl])-dodecane 
PSC 111 


Ltt 


1,7-Dicyclopenty]-4- (3-cyclo- 
pentylpropy]) -heptane 
PSC 113 


(Note: ‘C, denotes a straight carbon chain of 8 carbon atoms.) 


FIGURE 1 
The Substituted Methanes 


absorption spectra, etc.) are being determined or are 
planned. In the tables, notations such as C, refer to 
an unbranched, saturated chain of eight carbon 
atoms, with their substituent hydrogens. 
The methods of preparation and purification of the 
hydrocarbons, and the criteria of purity adopted, 
ave been discussed in the first two papers’ * of this 
series. Detailed descriptions of the preparations of the 
individual hydrocarbons are being published as 
tapidly as possible in the appropriate journals.* ° 
€ physical properties of the hydrocarbons were 
determined as outlined in the first paper.’ Boiling 
Points are accurate to +0.5°.C., and are reported at 
.50 and 1.00 mm. Heats of vaporization were calcu- 


equation proposed by Lipkin and Martin’ involving 
temperature coefficient of density and density at 
20° C. 

An important aspect of this research is its usefulness 
in drawing generalizations regarding the effect of 
structure on physical properties. For this major pur- 
pose, Project 42 is studying in detail the various 
molecular types of hydrocarbons in the high- 
molecular-weight range. Among the compounds in- 
vestigated in the past year and herein reported are a 
number of the multi-ring type. Wherever pertinent, 
the data tabulated in the preceding papers” ” of this 
series have been used in the comparisons, 

Generalizations based on insufficient data are dan- 
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TABLE 1 
Hydrocarbons and Their Properties 























1,5-Dipheny]-3(2-pheny!l- idle c=c—c—4 * y) 
ethyl)-2-pentene..... . me 








326.5 | 218.4 | 46.93 




















Calculated 
Saybolt 
Universal 
_ Viscosity 
EAP earns, tate in Seconds Kine- 
? Theoretical Kinematic Viscosity in Centistokes at °F. at °F. matic 
PSC Empirical | Molecular Viscosity 
No. NAME AND STRUCTURE Formula Weight 32 | 68 100 140 210 100 | 210 Index 
—Cis | 
15 | 1-Cyclopentyl-2-hexade- ‘ie g ie Co6Hso 362.7 28.94} 15.27] 8.25 | 3.82 | 783 | 388 |. 165 
cyl-cyclopentane.... . 
Cis 
16 eae | CesHae 342.6 28.8! 15.16 | 7,92 3.64 77.8 38.3 145 
drindene. , } 
| | 
gt ap 
74 y= > ann ae Co7Hs4 378.7 26.60 13.77 7.30 3.33 72.5 | 37.3 129 
heneicusane..... . 
89 1.5-Diphenyl-3-(2- ¢p-- Cc | CosHes 328.5 73.82 | 25.70! 19.36 3.83 | 122 38.4 15 
phenylethyl) pentane 
FY 
} 
| 
90 | 1,5-Dicyclohexyl-3-(2- ( )-c- c CosHas 346.6 730! 170! 45.02 | 10.13 | 785! 59.7 5! 
cyclohexylethyl)-pen- . 
tane.... ; de 
Cie —C—Ci0 
91 11-Cyclohexylmethyl- d CosHs6 392.7 38.66 18.48 9.13 3.86 91.2 39.0 115 
heneicosane 
( ) | 
99 1-Phenyleicosane > CooHi6 358.6 20.5! | 11.5! | 666 3.33 64.11 | 37.4 180! 
—Cr 
100 1-Cyclohexyleicosane. ... (y- CoeHs2 364.7 31.0! 16.5! 8.90 4.13 83.11 39.8 176! 
20 
c—c 
101 2-Phenyleicosane. ...... ‘Qiew CosHi6 358.6 23.5! | 12.88 | 749 3.40 69.1 37.6 159 
102 2-Cyclohexyleicosane. C—C—Cis Co6Hs2 364.7 33.39 17.29 9.14 4.15 86.3 39.9 166 
103 | 4-Phenyleicosane....... Cs—C—Cis CoeH46 358.6 28.0! | 14.31] 745 3.38 74.6 37.5 125 
. Cs—C— C6 
104 4-Cyclohexyleicosane. CoeHs2 364.7 34.72 16.99 | 964 3.80 85.1 38.8 132 
106 nHexacosane......... ‘ Cu—Cis Ce6Hs4 366.7 20.0! 11.5! 6.59 3.30 64.1! 37.3 177 
—C—C 
107 11-nDecyltetracosane Ce - C34H70 478.9 38.36 19.49 | 40.07 4.46 95.4 40.9 161 
10 | 
108 ipp-geenteeySe- ad CosHas 348.6 | 35.0! 17.63 9.20 4.11 87.7 39.8 158 
drindane. . ‘ | 
109 | 3-Ethyltetracosane C2-C—Car CoeHss 366.7 | 20.0! | 11.56 | 664 3.29 643 | 37.2 174 
2 
Ca—C—Cs 
110 | 9(3-C yclopentylpropy!)- é, CesHs0 350.7 21.71 | 11.53 | 699 2.91 64.2 35.3 115 
heptadecane..... : . 
: | 
| | 
el 
111 | 1-Cyclopentyl-4-(3-cyclo- [D-< Je CasHas 348.6 32.55 | 16.05) 816 | 3.57 | 81.3 | 38.0 118 
pentylpropy!)dodecane 2 
=C—C } 
112 | 1,7-Dicyclopentyl-4-(3- % Ee gs «| | CosHas 344.6 43.01 | 20.39 10.03 | 4.23 | 99.1 | 398 | 130 
epdapenty Ipropyl) 1)-3- 2 
heptene. ee 
Cs—} C : : aa : | - 
113 1,7-Dicyclopentyl-4-(3- CosH46 346.6 58.02 | 25.68 | 11.77 4.64 122 |} 41.2 107 
oe adattuade l)- 3 
heptane....... ‘a | 
: 
115 | 1,5-Dieyclohexyl-3(2- { )-c- c=c—c-{ ) | CasHas 344.6 359.3 | 1028 [13215 | 850 | 475 | 54.1 37 
or or leladal . 
pentene..... | | 
4 Cc —jCc—Cu ere 
116 1,1-Di-paratolyldode- | Ce6Hss 350.6 68.52 26.29 | 11.10 4.11 125 39.8 28 
MINER accuse 2 | 
117 Peeneegmansiee [ )- | CoeHs2 364.7 25.0! | 13.9! | 7.88 3.80 73.0! | 38.4 187 
sane....... 
119 CosHe6 18.79 | 8.48 3.43 92.4 37.0 37 
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! Extrapolated values, or from extrapolated values. 
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? Calculated molecular refractions determined using 2.420 as the atomic value for carbon. 
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Aniline Point 
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102.3 2161 
47.0 | 1165 
108.3 | 2959 
4 4 

92.1 | 1975 
108.1 | 2964 
58.9 | 1380 
110.8 | 2314 
57.6 1357 
109.0 | 2282 
61.0 | 1418 
107.3 | 225 
116.0 2408 
126.0 | 2588 
101.7 | 215 
116.0 | 2408 
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TABLE 1—Continued 











































































































Heat of 
Vapori- Molecular Molecular 
Boiling Point zation Refractive Index (ntp) (°C.) Refraction Volume 
Density in Grams Per Milliliter at °F. Melting (°C.) (Calories ; Specie | 
__—_————| Gravity | Point |————,————- er | 20.0 (Cal- Experi- | Calcu- | Refrac- | Experi- | Calcu- 
2 | 68 100 140 210 (API) (°C.) |0.50 Mm|1.00 Mm| Gram) | culated) 20.0 30.0 40.0 mental | lated? tion mental | lated 
— | | 
sei | 0.8594 | 0.8477 0.8335 0.8090 32.5 | 18.7 | 194.5 208.0 63 1,4735 1,4715 1.4677 1.4640 | 118.1 117.9 0.3255 | 422.0 423.2 
08718 | } 
| | | | 
qaggdt | 0.8853! | 0.8738 | 0.8587 | 0.8333 | 27.7 33.1 | 191.5 | 206.5 abe weet | 1.4941 1.4902 | 1.4863 | 112.7 | 111.9 | 0.3289 | 387,01 
0.86 | | | 
| 
| | | | | 
ase | 0.9311 | 0.8194 | 0.8052 | 0.7802 | 38.0 | —21.5 | 190.5 | 204.0 59 1.4615 | 1.4607 1.4568 | 1.4530 | 125.0 | 124.7 | 0.3300 | 455.7 | 455.1 
Os re ies Ban Gee 
| | | | | | | 
yer? | 1.0087 | 0.9952} 0.9801 | 0.9537] 84 |—25°F5| 195.0 | 2095 | 64 | ..... 1.5725 | 1.5685 | 1.5644 | 107.2 | 106.9 | 0.3264 | 325.7 
| | ae 
asta | 0.90321 | 0.8919!) 0.8777 ro 24.6 41.2 | 185.0 | 199.5 | 59 | 1.4918 1.4913 1.4877 | 1.4841 | 111.2 | 111.1 | 0.3208 | 383.7 | 381.9 
| } | | | 
| | 
os | 0.8370 | 0.8250} 0.8110 | 0.7853 | 36.8 —4.2 | 197.5 | 2120 | 57 | 1.4643 | 1.4636 1.4598 | 1.4561 | 129.4 | 129.3 | 0.3294 | 469.2 | 468.3 
| | | | | | | 
| | | 
eam | Bae | | 
| | 
osge7: | 0.85421 | 0.84281) 0.8285 | 0.8039 | 33.5 42.3 | 197.5 | 2120 | 63 1.48028 | 1.47633 | 1.4725 | 119.33 | 118.7 | 0.3327 | 419.81 
| | | | 
| | | | | | 
09445! | 0.8320! | 0.82061) 0.8065 | 0.7817 | 37.9 47.9 | 198.0 | 212.0 62 | 1.4617 1.46233 | 4.45943 | 1.4546 | 120.63 | 120.1 | 0.3306 | 438.3! | 435.7 
| 
| | | | | 
osss0' | 0.85481 | 0.8430 | 0.8283 | 0.8027 | 33.4 29.0 | 190.0 | 2045 | 60 | ...... | 1.4795 | 1.4758 | 1.4721 | 119.0 | 118.7 | 0.3320 | 419.51 
| | | | 
| | | | | 
| Ga | | 
ogo | 0.8369 | 0.8254 | 0.8116 | 0.7866 | 36.8 13.1 | 194.0 | 207.0 | 65 | 1.4638 | 1.4640 1.4603 | 1.4566 | 120.2 | 120.1 | 0.3297 | 435.8 | 435. 
| | | | 
| | | | 
| ee ee 
ses: | 0.95461 | 0.8480 | 0.8281 | 0.8028 | 33.4 31.4 | 184.5 | 199.0 a eee 1.4794 | 4.4756 | 1.4718 | 119.0 | 118.7 | 0.3320 | 419.6 
| | | 
08508 | 0.8380 | 0.8266 | 0.8122 | 0.7872 | 36.6 16.0 | 188.5 | 201.5 64 1.4643 | 1.4639 | 1.4602 | 1.4565 | 120.1 | 120.1 | 0.3292 | 435.2 | 435.7 
| 
asi70: | 0.80401 | 0.79251! 0.7780 | 0.7528 | 43.7 56.2 | 191.5 | 6 |). 0.) Ye Lae Pre 122.51 | 122.3 | 0.3341 | 456.1 | 454.5 
| | | 1 
4392 | 0.8162 | 0.8039 | 0.7900 | 0.7651 41.2 10.8 | 236.0 | 2500 | 56 1.4562 | 1.4556 | 1.4518 | 1.4481 | 159.4 | 159.2 | 0.3328 | 586.7 | 584.7 
| | 
087331 | 0.86081 | 0.8492 | 0.8352 | 0.8100 32.2 36.4 | 1885 | 203.5 | 60 | 1.4738 1.4722 | 1.4684 | 1.4646 | 113.4 | 113.3 | 0.3254 | 405.01 | 403.1 
| 
| | | | 
ose: | 0.80741 | 0.7960 | 0.7820 ro, 43.0 30.1 | 187.5 | 202.0 | 58 | 1.4512 | 1.4513! | 4.44741 | 1.4436 | 122.4 | 122.3 | 0.3837 | 454.2 | 454.5 
| | | | 
0920 | 0.9200 | 0.8176 | 0.8027 | 0.7773 | 38.5 20.6 | 174.5 | 188.0 59 1.4602 1.4592 1.4553 | 1.4515 | 115.7 | 115.5 | 0.3299 | 423.0 | 422.6 
| 
| 
| | | 
| | | 
08708 | 0.8577 | 0.8467) 0.8322 | 0.8063 | 32.8 |Approx.| 179.0 | 193.0 | 61 | 1.4725 | 1.4707 | 1.4668 1.4630 | 113.5 | 113.3 | 0.3257 | 406.4 | 406.9 
‘ | -40 | | | 
| Te Cera xe ae, | 
05182 | O.s999 | 0.8872 | 0.8727 | 0.8474 | 25.1<|—80°F 5 | 182.0 | 1955 | 62 | 1.4917 | 1,480 | 1.4843 | 111.0 | 110.6 | 0.3222 | 382.9 
| | | | 
W019 | o.sssc | 0.8773 | 0.8634 | 0.8377 | 27.1 | —23.7| 184.0 | 198.0 | 61 | 1.4856 1.4829 1.4791 | 1.4754 | 1114 | 111.1 | 0.3213 | 390.1 | 391.3 
ous | | 
W948 | 0.9117 | 0.9000 | 0.8859 | 0.8607 | 23.1 |—20°F5| 183.0 | 197.0 as Ge aon | 1.5001 1.4964 | 1.4927 | 111.2 | 110.6 | 0.3227 | 378.0 
a | 0.9 | 0.9096 | 0.8945 | 0.8679 | 21.3<|—70°F5| 191.5 | 205.0 ey tener. 1.5298 1.5258 | 1.6218 | 117.4 | 115.1 | 0.3349 | 380.2 
1201 | 9.8 | 0.81761) 0.8035 | 0.7782 | 38.5 45.2 | 196.5 | 210.5 61 WE Meenas ti tagte are ote 6% 120.6! | 120.1 | 0,3306 | 439.91 | 438.8 
| 
| | 
1804 | 1.0 1.0029 0.9880 0.9611 7.3 |—25°F5| 195.5 210.5 lee Sera 1.5816 1.5775 1.5735 | 107.2 106.4 0.3283 | 321.4 
|| 
*Caleula’-4 from An=0.6Ad. 4Solution solidifies above aniline point. § Pour point. 
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TABLE 2 
The Hydrocarbons and Their Properties 


























VISCOSITY 
Boiling Centistokes at Saybolt Seconds 
Melting Point at oF. at °F, Kinematic Aniline 
PSC Point 1.00 Mm Viscosity | Density at} Gravity | Point 
No. NAME (°C.) (°C.) 100 210 100 210 Index 68° F. (API) np | (°C) 
25 9-nOctylheptadecane.................... —13.8 184.0 8.93 2.49 55.2 34.6 116 0.8017 44.2 1.4487 | 1116 
87 9(2-Phenylethyl)-heptadecane............ —26.7 189.0 9.38 2.53 56.7 34.7 108 0.8558 33.2 1.4806 | 531 
18 1-Phenyl-3(2-phenylethyl) hendecane é ee Sy 197.0 12.61 2.88 68.2 35.8 78 0.9211 21.5 1.5192 Bs 
89 1,5-Dipheny!-3-(2-phenylethyl)-pentane. . . ar x 209.5 25.70 3.83 122 38.4 —15 1,0087 8.4 1.5725 | .. 1 
—32° C) : 
88 9(2-Cyclohexylethyl)-heptadecane.... .. —30.8 188.5 14.72 3.29 76.1 37.1 101 0.8325 37.8 1.4614 104.8 
19 1-Cyclohexyl-3-(2-cyclohexylethyl)- 
ee SE ee RED REE —e an 194.5 33.49 4.98 156 42.5 70 0.8657 31.3 1.4756 98.4 
—40° C) 
90 1,5-Dicyclohexyl-3-(2-cyclohexylethyl)- 
NSE. Pend £0.04 44% 645 oa6-ae 6 a 41.2 199.5 1702 10.13 7852 59.7 —5 0.90322 24.6 1.49133 | 924 
110 9(3-Cyclopentylpropyl)-heptadecane. .. . —20.5 188.0 11.53 2.91 64.2 35.3 115 0.8290 38.5 1.4592 104.0 
lll 1-Cyclopenty|-4-(3-cyclopentyl-propy])- 
SEES to a0k. a hie'e' Ghats amine eb:0 5 4 ; About —40 193.0 16.05 3.57 81.3 38.0 118 0.8577 32.8 1.4707 | 960 
113 1,7-Dicyclopentyl-4-(3-cyclopentylpropy])- } 
heptane......... 5 ce —23.7 198.0 25.68 4.64 122 41.2 107 0.8886 27.1 1.4829 | 88.6 





























1 Aniline-hydrocarbon solution solidifies above aniline point. 2 Extrapolated value. 
gerous, and we emphasize that those proposed in this 
paper are tentative, pending further work in this field. 


The Effect of Progressive Cyclization of the 
Hydrocarbon Molecule 


For the purpose of determining as quantitatively as 
possible the relative effects of phenyl, cyclohexyl, and 
cyclopentyl groups on physical properties, as well as 
the changes caused by progressive cyclization of a 
hydrocarbon molecule to rings of these types, three 
series of hydrocarbons containing a central carbon 
atom substituted with three 8-carbon groups have 
been synthesized by the project. The names, struc- 
tures, and PSC numbers? of the hydrocarbons which 
comprise the series are given in Figure 1; the perti- 
nent physical properties are listed in Table 2. Five of 
the 10 compounds (No. 25, 87, 88, 18, and 19) were 
previously reported,” ? and for their complete physi- 
cal constants the original publications should be 
consulted. 

An inspection of the structures of the hydrocarbons 
which make up the series (Figure 1) illustrates the 
regular progression in each series whereby straight 
8-carbon chains are successively converted to 8-carbon 
groups, each containing a ring (phenyl, cyclohexyl, or 
cyclopentyl) characteristic of the series. In this man- 
ner the basic molecular symmetry has been main- 
tained constant throughout the series—therefore, 
allowing a more precise determination of the effect of 
increasing the percentage of ring carbon atoms, and 
also a better comparison of the relative effects on 
physical properties of non-fused phenyl, cyclohexyl, 
and cyclopentyl structures. ; 

Mikeska® and other workers® ® already have noted 
the very large influence of cyclization on the physical 
properties of higher hydrocarbons. Hugel* concluded 
that viscosity was increased by cyclization, and that 
hydroaromatics are more viscous than the corre- 
sponding aromatic hydrocarbons. Mikeska*® observed 
that viscosity index is increased by an increase in the 
ratio of paraffinic to naphthenic carbon atoms. How- 
ever, no cyclopentyl-type naphthenes were studied; 
and in each of the comparative cases from which this 
conclusion was drawn, one or both of the following 
complicating variables entered in: increase in mo- 
lecular weight and change of ring type (fused or 


*The large viscosity increase caused by phenyl and cyclopentyl 
rings is underemphasized in Figure 3 due to the necessity of condens- 
ing the viscosity scale so as to include the tricyclohexylethyl- 
hydrocarbon, PSC 90. Figure 4 has been plotted with ordinates which 
show more clearly the effect of phenyl and cyclopentyl groups on 
viscosity. 
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4 Pour points by ASTM method D97-39. 
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3 Supercooled sample. 
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Boiling Point vs. Percent Carbon Atoms in Rings for the Hydrocarbons. 


non-fused). Earlier work by Project 42 on the prob- 
lem of the effect of cyclization on physical properties 
was presented in the second paper on this project,’ 
and in that publication another series of hydro- 
carbons, not discussed herein, was reported. 

The following observations concerning the effect of 
cyclization are based on the data listed in Table 2: 

1. Due to our inability to crystallize 3 of the hydro- 
carbons (Table 2; No. 18, 19, and 89), it was necessary 
to resort to the pour-point method (ASTM D97-39) 
for these compounds and, therefore, any regularities 
in melting-point variation with cyclization are ob- 
scured. 

2. Progressive cyclization in every case results in 
increased boiling point, and the curves for the boiling 
point vs. percent carbon atoms in rings for both the 
cyclohexylethyl- and cyclopentylpropyl - series are 
practically identical and are nearly linear, as is illus- 
trated in Figure 2. Thus, the increase in boiling pomt 
with increasing percentage carbon atoms in rings 1s 
substantially constant for these naphthenes. 

On the other hand, the boiling-point graph for the 
aromatic phenylethyl-‘series is non-linear: the boil- 
ing-point increment per additional aromatic ming 
increasing with the number of rings in a molecule 
(Figure 2). 

3. The effect on viscosity of cyclization of straight 
8-carbon chains to phenylethyl-, cyclohexylethyl, 
and cyclopentylpropyl- groups is shown in Figures 4 
and 4.* (Figures 5 and 6 illustrate the variation 0! 
viscosity with the number of rings per molecule, 
whereas Figures 3 and 4 have viscosity plotted VS 
percent carbon atoms in rings.) . 

Examination of Figures 3 and 4, and of the data 
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Table 2, reveals the large increase in viscosity at 100° 
F, attending each increase in the degree of cycliza- 
tion, Moreover, the remarkable difference in the rela- 
tive effects of the various types of rings is illustrated. 
The cyclohexyl group causes a much greater increase 
in viscosity than do either phenyl or cyclopentyl 
groups, for in the transition from the parent isoparaf- 
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Kinematic Viscosities of the Hydrocarbons. 


fn (PSC 25; Table 2) to the tricyclohexyl hydro- 
carbon (PSC 90) the viscosity at 100° F. changes 
from 8.9 to 170 centistokes, whereas the correspond- 
ing conversion involving phenyl or cyclopentyl 
groups (PSC 25 to PSC 89 or 113) results in a vis- 
cosity change of only 8.9 to 25.7 centistokes. 

On a percent-carbon-atoms-in-rings basis, cyclo- 
pentyl rings are somewhat more effective in in- 
creasing viscosity than are phenyl groups, as best 
shown in Figure 4. It is noteworthy that for all 
three types of ring structures, the viscosity incre- 
ment per additional ring is greater the more rings per 
molecule, the increment being relatively enormous 
for the cyclohexyl hydrocarbons when there is more 
than one ring per molecule. 

4. The relative effects on kinematic viscosity index 
of phenyl, cyclohexyl, and cyclopentyl groups are il- 


lad 


lustrated in Figure 7. The negligible change in KVI 
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Kinematic Viscosities of the Hydrocarbons, 


faused by cyclization to cyclopentylpropyl- groups 
'samazing when compared to the huge decrease in 
“iscosity index brought about by the formation of 
ther phenylethyl- or cyclohexylethyl- groups. Con- 
Version of the three, straight, 8-carbon chains of the 
Parent isoparaffin (9-noctylheptadecane ; PSC 25) to 
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the cyclopentylpropyl-groups of PSC 113 (cf. Figure 
1; Table 2) results in the insignificant change in vis- 
cosity index of 116 to 107, whereas the corresponding 
cyclization to cyclohexyl-type rings (PSC 25 to PSC 
90) yields a decrease in KVI of from 116 to —5. 

The data show that cyclization to the six-membered 
rings contained in phenylethyl- or cyclohexylethyl- 
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Kinematic Viscosities vs. Number of Rings. 


groups greatly decreases viscosity index, and the 
KVI decrement per additional ring is greater the 
more rings per molecule. Further, the viscosity in- 
dices of the aromatic and hydroaromatic hydrocar- 
bons containing an equal number of cyclic groups are 
very similar and, therefore, the decrease in K VI with 
increasing percentage-carbon-atoms-in-rings is much 
the same for these non-fused six membered rings. On 
the other hand, progressive cyclization of straight, 8- 
carbon chains to cyclopentylpropyl- groups has very 
little effect on viscosity index; hence the viscosity in- 
dices of the cyclopentyl derivatives are much higher 
than those of the phenyl and cyclohexyl derivatives 
of similar structure when the number of rings per 
molecule is greater than one. 

5. As expected, both density and refractive index 
are increased by cyclization (Figures 8 and 9). 
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Kinematic Viscosities vs. Number of Rings. 


Formation of phenyl groups results in much greater 
increases in these properties than that caused by 
cyclohexyl or cyclopentyl rings. The data show that, 
for a given percentage carbon atoms in rings, the re- 
fractive indices of cyclopentyl and hydroaromatic hy- 
drocarbons of like symmetry should be about equal, 
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Kinematic Viscosity Indices of the Hydrocarbons. 





Per Cent Carbon Atoms in Rings 


/. 


© - Phenylethyl- 
x - Cyelohexylethyl- 
4 - Cyclopentylpropyl- 


i 1 iL A 4 L 


i i L iL i 


a. . » 2 ee 


i 





°o 








Per Cent Carbon Atoms in Rings 


80 4 88 92 296 1,00 1.04 


Density at 68 Deg F 


FIGURE 8 
Densities of the Hydrocarbons. 
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Refractive Indices of the Hydrocarbons. 
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FIGURE 10 
Aniline Points of the Hydrocarbons. 
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and their densities nearly equal. Although the figures 
indicate that for these series of hydrocarbons the 
variation of density and refractive index with percent 
carbon atoms in rings is non-linear, the divergence jg 
not great. 

The fact that introduction of a given percentage 
carbon atoms in cyclopentyl rings causes a greater 
increase in density (at 68° F.) than for cyclohexy] 
rings is very interesting (Figure 8). A similar trend 
for refractive index is not found (Figure 9). The sig- 
nificance of these relations is being studied. 

The very high density of PSC 89, 1,5-diphenyl-3- 
(2-phenylethyl) pentane, is noteworthy. This hydro- 
carbon has a density greater than 1.00 at ordinary 
temperatures. 4 

6. Cyclization invariably results in lowering of the 
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FIGURE 11 
Change of Kinematic Viscosity at 100° F. with Position of Cyclic Group. 
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Variation of Kinematic Viscosity at 210° F. with Position of 
Cyclic Group. 


aniline point, as shown in Figure 10. Unfortunately 
we were unable to determine the aniline solution 
temperatures for the aromatic PSC No. 18 and 839, be- 
cause the aniline-hydrocarbon solutions had solidified 
before the aniline point was reached. Nevertheless, 
the one available point (PSC 87) illustrates the large 
decrease in solution temperature attending aromatr 
zation. 

The relation between aniline point and percentage 
carbon atoms in rings for the naphthenes is approx 
mately linear (Figure 7); however, cyclopentyl 
groups are.considerably more effective in lowering the 
aniline point than are hydroaromatic rings. ‘The at 
iline-point lowering per carbon atom in cyclopenty! 
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rings is 1.5° C., as compared to a decrement of 1.1° 
(, per carbon atom in cyclohexyl rings. 

The results of this work on the effect on physical 
properties of progressive cyclization to cyclopentyl, 
aromatic, and hydroaromatic rings are believed to be 
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FIGURE 13 
Variation of Kinematic Viscosity Index with Position of Cyclic Group. 


at least semi-quantitative. The research is being con- 
tinued, and the effect of fused ring systems, not dis- 
cussed herein, is being studied. 


Influence of the Position of a Cyclic Group 

The effect on physical properties of the position of 
branch in the isoparaffins was shown with the ubutyl- 
docosanes in the first paper.’ In the second paper? was 
reported the work then complete on the influence of 
the position of a phenyl or cyclohexyl group on a 20- 
carbon straight chain, the 3-, 5-, 7-, and 9- isomers 
having been prepared. We have now completed the 
l., 2-, and 4- cyclohexyl- and phenyleicosanes, thus 
finishing the work planned on these series in which a 
phenyl- or cyclohexyl- group is moved along a 20- 
carbon straight chain. 

The properties of the new hydrocarbons (PSC 
No. 99, 100, 101, 102, 103, 104) pertinent to this dis- 
cussion are listed in Table 3, together with the prop- 
erties of the formerly reported isomers.’ 

Although the variations in physical properties (ex- 
cluding kinematic viscosity index) attributable to 
positional isomerism of this kind are small in com- 





parison to the effect of cyclization, they are signifi- 
cant and interesting. At 100° F., the viscosity of the 
phenyleicosanes passes through a maximum when the 
ring is in position 5- (Figure 11), the 1- and 2- 
isomers being least viscous of all. The curve for the 
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Densities of the Phenyl- and Cyclohexyleicosanes at 20° C. 


cyclohexyleicosanes reveals two maxima for the 100° 
F. viscosities (Figure 11), at positions 2- and 5-. At 
210° F. the viscosities of both series reach a slight 
maximum at position 2- (Figure 12), and the 7- and 
9- isomers are the least viscous. 

As the cyclic group, either phenyl or cyclohexyl, is 
moved from the center toward the end of the 20- 
carbon chain, the kinematic viscosity index greatly 
is increased, as shown in Figure 13. The magnitude 
of the change of K VI with position of the ring is re- 
markable: the viscosity indices of the 9-phenyl-or- 
cyclohexyl- isomers are about 105, whereas the 1- 
isomers have viscosity indices of 180 and 1%6, re- 
spectively (Table 3; Figure 13). This large increase 
in viscosity index, effected by positional isomerism, 
is very interesting. In general the viscosity indices of 
the cyclohexyl hydrocarbons are slightly higher than 
those of the corresponding aromatic isomers. A simi- 
lar increase in KVI with the shift of a cyclopentyl 
ring from the center to the end of a long straight 
chain has been found: compare the viscosity index of 
11-cyclopentylheneicosane. (PSC 64) with that of 1- 
cyclopentylheneicosane (PSC 117) as listed in Table 
1. In this case, as the cyclopentyl group is transferred 
from the center to the end of the 21-carbon straight 






























































TABLE 3 
Effect of Position of Cyclic Group 
VISCOSITY 
Boiling Centistokes at Saybolt Seconds : ’ 2 

Melting Point at a A at °F. Kinematic ; : Aniline 

PSC | Point 1.00 Mm |-——_——_ —_ Viscosity a | at| Gravity Point 
No. | Substituted Eicosane Ci, (°C.) 100 210 100 210 Index 68° F. (API) n2%p (°C.) 
99 1-Phenyl-!,... 2.0... a Secs ea ane } 42.3 212.0 11.53 3.33 64.13 37.3 1803 0.85423 33.5 1.48024 58.9 
101 2-Phenyl-!....... rte eitlews 29.0 204.5 12.88 3.40 69.2 37.6 159 0.85483 33.4 1.4795 57.6 
79 3-Phenyl-2....... aie ao 29.3 201.5 13.54 3.39 71.8 37.5 143 0.85473 33.4 1.4796 61.3 
103 4-Phenyl-!......... eeeat ee es 31.4 199.0 14.31 3.38 74.6 37.4 125 0.85463 33.4 1.4794 61.0 
er 5-Plebet as ote el hues ee 30.2 197.0 14.89 3.38 77.0 37.4 112 0.85463 33.4 1.4796 61.4 
81 | 7-Phenyl-2,............ PW re tate 16.4 196.0 14.35 3.28 74.9 37.1 108 0.8535 33.6 1.4794 62.2 

a 82 Gf: OPE i sree ie Cn tee Pe 8 17.9 196.0 13.90 3.20 73.2 36.9 105 0.8530 33.7 1.4790 63.4 
100 | 1-Cyclohexyl-!......... a, RON ae he 47.9 212.0 16.53 4.13 83.1 39.8 176 0.83203 37.9 1.46234 | 110.8 
12 | PS 35. Seah ota, dos se ees. 13.1 207.0 17.29 4.15 86.3 39.9 166 0.8369 36.8 1.4640 109.0 
15 | 3-Cyclohexyl-2......... tise cate re 22.7 205.0 15.96 3.85 81.0 39.0 156 0.8383 36.6 1.4642 107.7 
104 4-Cyclohexyl-!............ 16.0 201.5 16.99 3.80 85.1 38.8 132 0.8380 36.6 1.4639 107.3 
76 et. I SSR ae cerns leper —2.2 201.5 17.44 3.76 87.0 38.7 119 0.8371 36.8 1.4638 107.0 

ae (~Cyclohexyl-2............... Glass 199.5 17.00 3.65 85.2 38.4 111 0.8367 37.0 1.4635 106.7 
78 DCRR os natn cio ves os 9 Samoee Glass 199.0 16.19 3.52 81.5 37.9 107 0.8368 37.0 1.4635 106.4 

=—_—_—_— ~ 
os: Table 1 for structures and other properties. 2 Cf. reference (2) for structures and properties. 3 Extrapolated values, or from extrapolated values. 4 Calculated from An= 
Ad [seo reference (10)]. 
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chain, the viscosity index increases from 122 to 187, 
a gain of more than 53 percent. These results do not 
agree with Mikeska’s tentative conclusion *® that lo- 
cation of the nucleus within the molecule has a small 
effect on the viscosity index of an oil, __ 

The variation of density (at 20° C.) with position 
of cyclic group is shown in Figure 14. The changes 
are rather small. As the ring is moved toward the end 
of the chain in the phenyl series, a slight increase in 
density occurs. The cyclohexyl series exhibits a slight 
maximum at position 3-, and a distinct decrease at po- 
sition 1-. 

No definite variations of melting point with position 
are apparent from Figure 15, although the 1-isomer in 
each series is the highest melting, and 1- cyclohex- 
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Change of Melting Point with Position of Cyclic Group. 
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Variation of Aniline Point with Position of Cyclic Group. 


yleicosane has a higher melting point than the 1- 
phenyl-derivative. In general, however, the aromatic 
hydrocarbons of these series are higher melting than 
the hydroaromatic compounds. 

The variation of aniline point with position of the 
cyclic group (Figure 16) is irregular for the aromatic 
phenyleicosanes; yet the aniline point tends to de- 
crease as the ring is shifted from the center to the end 
of the 20-carbon chain. On the other hand, the aniline 
solution temperatures of the cyclohexyl derivatives 
increase as the cyclic group is moved toward the end 
of the chain—just the reverse of the general trend 
for the aromatic series! Although the differences are 
not large, inasmuch as most of them are greater than 
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the experimental error it must be concluded that the 
direction of variation is correct. 

The boiling point (at 1.00 mm) increases ag the 
cyclic substituent is shifted from the center toward 
the end of the straight 20-carbon chain for both the 


phenyl and the cyclohexyl compounds (Figure 17), 
the 1-isomers boiling about 14° C. higher than the 9. 
derivatives. Further, the boiling point increases more 


rapidly as the end of the chain is approached. A simi- 
lar variation in boiling point is observed for PSC No, 
64 and 117 (cf. Table 1), the isomeric cyclopentyl. 
heneicosanes already referred to in connection with 
kinematic viscosity index. The boiling point increases 
12° C. for these cyclopentyl derivatives when the ring 
is transferred from the center to the end of the chain. 


The correlation of the properties of these series of 
phenyl- and cyclohexyleicosanes, together with the 
formerly reported * series of nbutyldocosanes, should 
serve as a measure of the effect of positional isomer- 
ism on physical properties. Although the variations 
noted for some of the physical properties (e.g., den- 
sity and refractive index) are not large enough to be 
very significant, several properties such as viscosity 
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Change of Boiling Point with Position of Cyclic Group. 


index and boiling point were markedly affected by 
the position of the substituent group. 


The Effect of Olefinic Unsaturation 


Oil chemists ** 27% 1415 have long been in dis 
agreement regarding the extent to which olefinic ur- 
saturation occurs in lubricating oil and as to its effect 
on the properties of oils. Although it is probable that 
well-refined oils contain very little olefinic unsatura- 
tion, we thought it advisable to prepare several olefins 
of various types in order to determine the influence 0! 
olefinic unsaturation on physical properties. Mr 
keska * has reported four olefins and concluded thal 
“an olefinic linkage in the side chain invariably de 
creases the viscosity but has a small and irregular ¢ 
fect on the viscosity index.” However, every olefi 
prepared by him had the olefinic double bond conjt' 
gated with an aromatic nucleus. In Table 4 are sui 
marized the pertinent data on the olefins and the cor 
responding saturated hydrocarbons thus far synthe 
sized by Project 42. 

Examination of these properties discloses the fol 
lowing qualitative facts: ; 

1. Olefinic unsaturation generally lowers the boil 
ing point (exception: PSC 119). 
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9 An olefinic linkage usually decreases the vis- Effect of Molecular Weight on Physical Properties 


at the 
































cosity ;° however, that this is not a general rule may That molecular weight has a pronounced influence 
s the be seen by comparison of the viscosities of hydro- on the physical properties of chemical compounds is 
ward ™ carbons No. 13 and 12, Table 4. a well-known fact. However, relatively few quantita- 


h the 9 The effect of an olefinic double bond on viscosity tive data ¢oncerning the effect of molecular weight on 
> 1"), «dex is variable; yet for some hydrocarbons it may the physical properties of hydrocarbons in the lubri- 
the 9. cause a large increase in KVI (compare PSC 89 and cating-oil range are available. Project 42 proposes to 
a 119; 90 and 115). correct this situation through a correlation of the 
‘a No, 4, As expected, olefinic unsaturation invariably in- data, now being compiled by us, on the properties of 
entyl-f creases the density and refractive index, and de- hydrocarbons of high molecular weight. 

with @ creases the aniline point. In order to determine accurately the effect of in- 
eases ~=The very high density of the olefinic 1,5-diphenyl- creasing molecular weight, it is necessary to main- 
: ring ff 3(2-phenylethyl)-2-pentene (No. 119) is noteworthy. tain the molecular type and molecular symmetry con- 
chain. # This hydrocarbon has a density greater than that of stant, or nearly so; otherwise the complicating effects 

















































































ies of water. of branching and type introduce variables which are 
h the 
hould TABLE 4 
omer- Effect of Olefinic Unsaturation 
itions a 
- den- ; VISCOSITY 
to be Boiling Centistokes Saybolt Seconds | Kine- sh 
at He } Point at at °F. ‘ at °F. matic Aniline 
-osity PSC | 1.00 Mm Viscosity | at | Gravity Point 
Ne. | NAME AND STRUCTURE | (°C.) 100 210 100 210 Index 68° F. (APD n2% (°C.) 
| C:—C=C—Cs 
26! | 9-nOctyl-8-heptadecene | 181.0 7.65 2.30 50.8 33.9 126 0.8084 42.8 1.4554 | 100.0 
| Cs 
4 Cs—C—Cs 
25! | 9-nOctylheptadecane | 184.0 8.93 2.49 55.2 34.6 116 0.8017 44.2 1.4487 | 111.6 
Cs 
4 | Cy—C=C—Cio 
52! 11-Pheny]-10-heneicosene 203.5 12.51 3.06 67.8 36.5 115 0.8636 31.7 1.4922 48.2 
1 
Cio —C—Cio 
1 9: | 11-Phenylheneicosane 204.5 | 15.30 | 3.44 734| 37.01 112 | 0.8531 | 33.7 | 14788] 66.6 
| 
J | 
13! | 1,1-Diphenyl-1-tetradecene ~~ | 205.0} 19.34] 3.71 94.7 38.5 77 0.9267 20.6 | 1.5363 | ..2.. 
= C=C—Ci2 | 
2 | 
121 | 1,1-Diphenyl-tetradecane ¢% C—Cis 207.0 | 18.59 | 3.72 91.6 | 38.6 g2 | 0.9186 | 21.9 | 1.5202] ..2.. 
2 
ed by 
19 | 1,5-Diphenyl-3(2-phenyl- f c.—| c=Cc—c 210.5 18.79 | 3.43 92.4 37.0 37 1.0159 7.3 1.5816 | ..2.. bd 
|  ethyl)-2-pentene [ 
2 
° 
1 dis- 
ic un- 89 1,5-Dipheny!-3(2-phenyl- 
effect ethyl)-pentane (p= Cc 209.5 25.70 3.83 122 38.4 —15 1.0087 8.4 1.5725 | ..2.. 
e that 3 
atura- 
Hefins 115 1,5-Dicyclohexyl-3(2-cyclo- 
nce ol hexylethyl)-2-pentene C-—] c=C—C 197.0 | 102.8 | 850 | 475 54.1 37 | 0.9117 | 23.1 | 1.5001} 803 
Mr ‘ 
1 that 
y de- 90 1.5-Dicyelohexyl-3(2-cyclo- 
« * > J ‘1 J | my 
ar él- |  hexylethyl) pentane C )-c— Cc 199.5 | 1703 | 10.13 7853 59.7| —5 0.90323 | 24.6 | 1.4913 | 92.1 
fin 
ole! . 
‘onjt 
sunt 112 
. | 1,7-Dicyclopentyl-4(3-cyclo- 
e cor enigipreggt) Sheptent D--] c=c—er{ | 195.5 | 20.39 | 4.23 99.1} 39.8] 130 | 0.8999 | 25.1 | 1.4917] 761° 
rnthe- } 2 : 
€ fol 113 
\,7-Dieyelopentyl-4(3-cyclo- 
pentyigeupptionsinas [—- c 198.0 | 25.68 | 4.64 | 122 41.2| 107 | 0.8886 | 27.1 | 1.4829] 88.6 
boil- | 
—_—_—_—_— — 2 
‘For other properties, cf. references (1) and (2). 2 Solution solidifies above aniline point. 3{Extrapolated}value,"or from extrapolated values. 
i! pete i 
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difficult to resolve. The most complete series at this 
time showing the effect of molecular weight is that of 
the isoparaffins. A hydroaromatic and aromatic se- 
ries also have been begun, and the data pertinent to 
this discussion are listed in Table 5. This,. then, is in 
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Change of Boiling Point with Molecular Weight, 
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Variation of Viscosity (at 100° F.) with Molecular Weight. 
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Change of Kinematic Viscosity Index with Molecular Weight. 


the nature of a preliminary report, and the follow- 
ing observations stem from somewhat meager re- 
sults; hence any generalizations must be qualified : 

1. As was expected, boiling point, viscosity, vis- 
cosity index,* density, refractive index, and aniline 
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point increase with increasing molecular weight (cf 
Table 5). 

2. For the isoparaffins (25 to 34 carbon atoms per 
molecule) the boiling point increment at 1.00 mm 
pressure per additional carbon atom is approximately 
7.0° C. Inspection of Figure 18 shows that for mono- 
cyclic aromatics and naphthenes in this molecular. 
weight range (about 340 to 480), the boiling-point in- 
crease is probably about equal to that for the jgo- 
paraffins. 

3. The viscosity increase per additional carbon 
atom for the isoparaffins is approximately 1.1 centi- 
stokes at 100° F. (Figure 19). The aromatics and 
naphthenes, however, exhibit a viscosity increment 
of about 1.6 centistokes per carbon atom in this same 
molecular-weight range! The supporting evidence for 
the latter observation is not conclusive, and its re- 
liability must be checked by further extension of the 
present molecular-weight range. However, if the in- 
dications are correct, these results show that for a 
given increase in molecular weight, the viscosity (at 
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Change of Aniline Point with Molecular Weight. 





Symbol 


Mixture 





Viscosity at 68 Deg F (Centistokes 











0.25 0.50 0.75 1,00 


Weight Fraction of Higher Viscosity Component 


FIGURE 22 
Viscosities of the Binary Mixture Plotted on ASTM Chart D. 


100° F.) of a monocyclic aromatic or hydroaromat( 
is increased more than that of an isoparaffin. This 's 
exactly the reverse of the expected result, because the 
percent paraffin in a monocyclic aromatic or hydro- 
aromatic hydrocarbon increases with increasing 
molecular weight, and it seems reasonable to expet 
that the more paraffinic oil would approach mort 
closely the properties of a true isoparaffin. 

4. For the isoparaffins, the viscosity-index 11 
ment per additional carbon atom is approximately 
4.0 units from C,, to C,, (Figure 20), whereas the 


cre 
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apparent increase in KVI per carbon atom is about 
53 units for the aromatics and hydroaromatics. 

5. The aniline points of both isoparaffins and naph- 
thenes studied increase approximately 1.6° C. per 
additional carbon atom, whereas the increment for 
the aromatics is about 2.1° C. The large aniline-point 
increment for the monocyclic aromatics is under- 


sandable, as with each additional carbon atom the 


mono-“aromatic” hydrocarbon becomes more paraf- 
fnic in nature; hence the aniline points of the aro- 
matics should approach slowly the solution-tempera- 
ture line of the isoparaffins with increasing molecular 








Further extension of the present molecular-weight 
range is needed, and is planned, in order to determine 
more accurately the effect of increasing molecular 
weight on the physical properties of higher hydro- 
carbons. 


Properties of Mixtures of Hydrocarbons of High 
Molecular Weight 


* Although considerable research on the properties of 
mixtures of hydrocarbons of low molecular weight 
has been reported, there is little or no work in the 
literature regarding mixtures of higher hydrocarbons. 























































































































weight. For this reason, Project 42 is engaged in an investiga- 
TABLE 5 
Effect of Increasing Molecular Weight 
= — ] 
VISCOSITY 
Boiling oe 
| Point at Centi- Saybolt | Kinematic : 2 Aniline 
PSC 1.00 Mm stokes Seconds | Viscosity |Density at | Gravity Point 
No. NAME AND STRUCTURE | (°C.) at 100° F. | at 100° F. Index 68° F. (API) n20n (°C.) 
ISOPARAFFINS 
| Cs—C—Cs | 
25! 9-nOctylheptadecane........... d | C2sHs2 184.0 | 8.93 55.2 116 0.8017 44.2 1.4490 111.6 
8 | | 
| 
Ce—C—Cis3 z 
51! 7-nHexyleicosane................ d Co6Hs4 193.5 10.69 61.2 131 0.8040 43.7 1,4497 114.4 
6 
| 
Cs—C—Ci1 
632 9-nOctyleicosane. . . d CesHss 211.0 12.03 66.0 135 0.8074 43.0 1.4515 117.2 
18 
Cs—C—Ci3 * 5 
6! 9-nOctyldocosane. . d Csz0He2 222.5 14.43 75.0 148 0.8112 42.1 1.4537 116.9 
18 
| Cio—C—Ci0 
82 | 11-nDecylheneicosane d C31H64 229.5 15.12 77.7 149 0.8115 42.1 1.4540 121.4 
10 
| 
Cio—C—C11 
7! 11-nDecyldocosane. . . d | Cs2Hee 235.5 16.53 83.2 155 0.8127 42.0 1.4543 123,1 
10 | 
Cio—C—Ci3 
1073 11-nDecyltetracosane. . . d | Cs34H70 | 250.0 19.49 95.4 161 0.8162 41.2 1.4556 125.8 
/10 | 
AROMATICS 
pide Ie tks heh. teres Ere 
872 | 9(2-Phenylethyl)heptadecane | P Co5sH44 189.0 9.38 56.7 108 0.8558 33.2 1.4806 53.1 
Cs 
' 
—C 
822 | 9-Phenyleicosane. . . FF re C26H46 196.0 13.90 73.2 105 0.8530 33.7 1.4790 63.4 
8 
” Hence 
9! 11-Phenyleicosane \ C—Cy | CsaiHse6 204.5 15.30 78.4 112 0.8531 33.7 1,4788 66.6 
12 
| 
68? | 13-Phenylpentacosane. ... ( poe | CsiHse 234.5 21.69 104.7 139 0.85394 | 33.5 1.4787 79.4 
ef ase be | 
NAPHTHENES 
88° | 9(2-Cyclohexylethyl)heptadecane..... oe C2sHs0 188.5 14.72 76.3 101 0.8325 37.8 1.4614 104.8 
8 
78 | 9-Cyclohexyleicosane..............-- (een C26Hs2 199.0 16.19 81.5 107 0.8368 37.0 1.4635 106.4 
d, 
602 | 11-Cyclohexylheneicosane........... C )-¢—r C27Hs4 209.0 17.53 86.5 116 0.8373 36.8 1.4639 108.5 
| bs 
| 
#2 | 49 Cyclohexylpentacosane........... Cu C31H62 234.5 24.05 114.9 135 0.8390 36.4 1.4653 115.5 
; bu 
For other roperties, cf. reference (1). 2 For other properties, cf. reference (2). 3 For other properties, refer to Table 1. 4 Extrapolated value. 
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tion of the properties of mixtures of the pure com- 
pounds now available, and the preliminary work on 
three binary systems (nine mixtures) was reported ” 
at the Institute’s twenty-third annual meeting in 
Chicago. In addition to extending the work on these 
3 binary systems, we have now completed the work 
on 3 complex mixtures ** of PSC hydrocarbons, made 
up of 22, 17, and 39 components. The physical con- 
stants for the mixtures were determined as outlined 
in references (1) and (3) for the pure hydrocarbons. 
Cloud and pour points for the complex mixtures were 
found by ASTM Method D97-39. 


Methods of Calculation 


Methods of estimating the physical properties of 
the mixtures from the properties of the pure compo- 
nents have been examined, and the more revealing 
results are reported herein. These calculation methods 
assumed the physical properties of the mixtures to be 
functions of the mole-fractions, volume-fractions, or 
weight-fractions of the pure components. It was 
found that better agreement between the experi- 
mental and calculated viscosities resulted if in the 
calculation the additivity of “kinematic” fluidities 
(reciprocal centistokes) rather than the conventional 
“absolute” fluidities (reciprocal centipoises) was as- 
sumed. Following is an example of the calculation 
method employed: 

For a binary mixture composed of the pure hydro- 
carbons A and B, the viscosity at a given tempera- 
ture is estimated from weight-fraction data and the 
viscosities at the same temperature of pure A and 
pure B using the following equation: 


Reciprocal of the kinematic viscosity of mixture A-B =[reciprocal kinematic viscosity of A (weight-fraction A) 


The “calculated” kinematic viscosity of the mixture of 
A and B is then the reciprocal of the sum of the par- 
tial reciprocals. 

The “calculated” values for the densities, refrac- 
tive indices, aniline points, and viscosity indices were 
found by assuming these properties to be additive 
functions of the mole-, weight-, or volume-fractions. 
For example, the density at a given temperature (d‘) 
of mixture A-B would be estimated from the weight- 
fraction data and the densities of pure A and pure B 
as follows: 


d‘ of A-B=[d't of A (weight-fraction of A)]+ [dt of B (weight-fraction of B) ] 


Percentage errors have been calculated from the fol- 

lowing equation: 

calculated—experimental 
experimental 





Percent error = (100 percent) 


Binary Systems 


The binary systems, numbered with the PSC num- 
bers of the components, are No. 63-65 (9-noctyleico- 
sane and 1 - cyclohexyl-2(cyclohexylmethyl]) pentade- 
cane), No. 67-78 (11-neopentylheneicosane and 9-cy- 
clohexyleicosane), and No. 22-3 (5,11-di-namylhex- 





* Viscosities at 32, 100, and 210° F., and densities at 100 and 210° F. 
also have been determined experimentally, and the calculations carried 
out. Lack of space prohibits the inclusion of all the data; however, as 
the density calculations are of equal accuracy at the different tem- 
peratures, only those at 20° C. (68° F.) are included herein. The vis- 
cosities at 68° F. were chosen, for at higher temperatures (lower 
viscosities) the viscosities of the different compounds are more nearly 
equal and, hence, the calculation methods appear more accurate. This 
would tend to reduce the effectiveness of a comparison of the 
different methods of calculation. 

+ This chart is the temperature-viscosity chart for kinematic vis- 
cosity, low range (D341-39). The range from 0 to 100° F. was desig- 
nated as 0.0-1.0 weight-fraction, the viscosity of the higher-viscosity 
component being plotted on the 100° F. ordinate. 
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comple 


adecane and 7-nbutyldocosane). For the earlier treat. 
ment of the work on these binary mixtures, the 
reader is referred to the second paper ? of this series 






Each binary system is composed of three mixtures of ptys!“ 
the pure components, made up in proportions of 1 to 
3, 1 to 1, and 3 to 1 (25, 50, and 75 percent), thereby onelu 
yielding a total of 9 binary mixtures. In Tables 6. } 
and 8 are listed the comparisons of the experimentally 
determined properties * with the calculated values » 
for the binary mixtures. the pre 
The 0 to 100° F. range of ASTM Chart D + fre. he ph 
quently is used in the petroleum industry as a blend- 4 
ing chart. For this reason it is interesting to com- by the 
pare the viscosity values obtained from the chart with Qe 
those calculated by the “centistoke-fluidity” method, Tables 
Figure 22 is a reproduction of the portion of the 17 
chart employed, the points plotted being the experi. pure h 
mentally determined viscosities of the binary mix. @the vis 
tures. Table 9 is a comparison of the experimental Mentis' 
values with the viscosities obtained from the blend- §vhe 4 
ing chart and the calculation method. greate 





. compo 
Complex Mixtures curacy 

For the study of the laws of mixtures of multi- §" AS 
component systems, 3 complex mixtures involving §* 
39 of the project’s pure high-molecular-weight hydro- §"* se 
carbons have been prepared and their properties de- §'™* 
termined. The 39 hydrocarbons selected were divided tiffer¢ 
arbitrarily into 2 groups on the basis of kinematic vis- the tw 
cosity index. Complex mixture No, 1 is composed of vary 
22 hydrocarbons having viscosity indices greater than °°": 
110; complex mixture No. 2 has as its components 1? tures . 
hydrocarbons having viscosity indices of less than values 
110; complex mixture No. 3 is a blend of complex a 
agreet 

+reciprocal kinematic viscosity of B (weight-fraction B)] 9 | 
mixtures No. 1 and No. 2; therefore, it contains 39 fj mixtu 
components in all. the c¢ 
In Table 10 are listed the 22 component hydro- Mj iactor 
carbons of complex mixture No. 1, with their perti- values 
nent physical properties and the weight (in grams) XVI! 
of each compound used in the preparation of the mix- J 3, 
ture. The experimentally determined physical prop- § hydro 
‘erties of complex mixture No. 1, together with the Bf the « 
values calculated from the mole-, weight-, and vol- § ume-f 
ume-fraction data by the methods outlined above, are Hy - 
given in Table 11. calcul 
ume-f 

7 tures 

The names and structures of the 17 components of  hydr¢ 


complex mixture No. 2, together with the physica 9. . 





properties of the constituent hydrocarbons and the sk 
weight in grams of each compound used, are listed eves 
in Table 12, The experimental physical constants 0 @ i? 
mixture No. 2 and the calculated values with the per 9p 4 
centage errors are tabulated in Table 13. to 0° 
Complex mixture No. 3, a blend of No. 1 and 2, was T 
prepared by mixing the following amounts of No.! P h 
and 2: ; wey 
Grams terest 

Weight of No. 1 used............ 20.0048 and, 
Weight of No. 2 used............ 15.5048 “ane 

Total weight of No. 3........ 35.5096 


The properties of the 39 hydrocarbons which com @ 7 
pose mixture No. 3 are those listed in Tables 10 and § 5 fa 
12. The experimental physical constants of complex been 
mixture No. 3 and the values predicted from the D 
mole-, weight-, and volume-fraction data calculations a 





Petroleum Refiner—V ol. 22, No. Il 









bre compared in Table 14. The predicted properties TABLE 6 






a vere calculated from the experimental properties of ee reco bh No. 63/65 
Bg i No. 1 and 2, and not from the PSC No. 63: 9-nOctyleicosane 
Series, complex ee ‘ PSC No. 65: 1-Cyclohexyl-2 cyclohexylmethyl-pentadecane 









shysical constants of the constituent hydrocarbons. 















Tes of Viscosity at 68° F. 
if 1 to " Predi bili f P ti (Centistokes) q20 
i r rties 
lereby Conclusions Regarding se ictabl ity . = Mol-Fraction Experi- Calcu- Error Experi- Calcu- Error 
s 6 ¥ of Mixtures No. 63 mental lated (Percent) | mental lated (Percent) 
Gad 





















































nally | The following tentative generalizations, regarding | 934i/220000:..:)| "Siz | “ssa | aaa | tame | asids | 00d 
values : 1: : : ae... 40.57 37.2 | —83 | 0.83 0.8355 | +0.02 
the predictability of the properties of mixtures from a7 —8) Se | See tee 


8 
bo 
o 
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the physical constants of the component hydrocar- 























































































































T fre- fh ons and the mole-, weight-, or volume-fraction data —_Wetéht-Fraction 
blend- by the calculation methods outlined above, are drawn 0.2480............)_ 61.73 | 78 SS ee eae 
COM- Bom a comparative study of the results listed in 07g... 29.25 27.9 | —4.6 | 0.8213 | 0.8215 | +0.02 
t with Vv . Volume-Fraction J 
ethod . gba oceania 02607 0". 61.73 3.9 12.7 | 0.8492 —0.06 
od. : os cai 5% ; ee .8492 | 0.8487 ; 
f } } re, simple or complex, of 0.5150. . 00000002. 40.57 36.3 | —10.5 | 0.8353 | 0.8345 | —0.10 
of the ff 1 The viscosity of a mixture, simp PEN ee 29.25 7.6 | —5.6 | 0.8213 | 0.8208 | —0.06 
xperi- pure heavy hydrocarbons may best be predicted from 
mix. ihe viscosities of the components by the “reciprocal- TABLE 7 
. ” . . . 
rental Mcentistoke” method using the weight-fraction data. Mixtures No. 67/68 
lend- BThe accuracy of the predicted values is less the PSC No. 67: 11-Neopentylheneicosane 
seater the difference in the viscosities of the pure PSC No. 78: 9-Cyclohexyleicosane 
compounds (cf. Table 6). Approximately the same ac- T “Viscooty at °F 
curacy is obtainable by use of the 0 to 100° F. range |___ (Centistokes) 420 
multi. ASTM Chart D (kinematic viscosity, low range) Mol-Fraction | Experi- | Calcu- | Error | Experi- | Caleu- | Error 
real 45 an empirical blending chart (refer Table 9; Fig- No. 78 | mental lated (Percent) | mental lated (Percent) 
. : c. a ae eS Bits wey SRS Re: 
ydro- BU 22). In connection with the use of this chart, 1t  Q20¢-0----- | 24.76 246 | 06 | osi21 | 08115 | —0.07 
5 de. gSinteresting to note that when there is a substantial Q5016............) 27.22 27.0 | —O8 | 0.8204 | 08199 | —0.06 
vided difference in the viscosities of the pure components, 1,099..-..") ||| oa | oC oe = mei Bitsy 
c vis. te two methods of predicting the viscosity of a blend —Weiht-Frtction = 
al ‘; myary from the experimental values in opposite direc- 0.2515............ 24.76 24.6 —0.6 | 08121 | 08114 | —90.09 
ed of BE Refer Table 9: vi Sete Dart f ; eme.;.......... | 27.29 27.0 | —O8 | 0.8204 | 0.8199 | —0.06 
- than tions. ( eter labile : viscosities rom Chart for mix- 0.7490 Fioas's -++| 29.98 29.8 —0.8 | 0.8290 | 0.8283 —0.08 
ats 17 utes No. 63-65 and 67-78 are high, whereas calculated Se | 
' = Natees : . 63-65. wi i OO, | 24.76 24.5 | —10 | 0.8121 | 08112 | —o11 
than "ues are low). For mixtures No. 63-65, with a v 0.4898... 21... | 2729 26.9 | —12 | 0.8204 | 08195 | —O.11 
nplex wsity differential of 84.6 centistokes, the averages of 0.7412). 0000.11 | 29.98 29.7 —0.9 | 0.8290 | 0.82890 | —0.12 
the values predicted by the 2 methods are in excellent 
agreement with the experimental results. TABLE 8 
| Pee P . : ; ‘ > P Mixtu No. 22 
" B)) @ 2 Prediction of the kinematic viscosity index of a 3 ena: Se Ae 
. ke poor f Cage Sew indi £ PSC No. 22: 6,11-di-nAmylhexadecane 
ns 39 mixture of yarocarpons trom the viSCOS1 f in Ices O PSC No. 3: 7-nButyldocosane 
the components by the methods outlined is unsatis- _— ema 
ydro- Miactory. Better agreement with the experimental Bian Be ; q20 
perti- values probably could be obtained by calculating the Mol-Fraction Experi- Calcu- Error Experi- Calcu- Error 
-ams) AVI from the estimated viscosities at 100 and 210° F. No. 22 mental | lated | (Percent) | mental | lated | (Percent) 
-mix- 3. The density > ive i i he Sati ry aes bes oe ee ERR 
3. The dé nsity or refractive index of a mixture of 0,000... .....+.-+, 20.50 OF ie, | UT eed ae 
prop- M hydrocarbons is best calculated from the properties of 0.5001. 222222222. 21.84 22.0 +0.7 | 0.8057 | 0.8054 | —0.04 
h the Hithe components through the weight-fraction or vol- {ig---":| ge | 8 | 795 | Sage | O8N6L | 00 
| vol- Bume-fraction data. bie, yee 
e, are ies , 6 
{ The aniline point of a blend apparently may be O30 000007::] 3tsa | 320 | fo7 | over | ososa | poe 
calculated rather accurately from weight- and vol- ss 22.70 22.8 +0.5 0.8061 0.8061 0.0 
im ' ° . olume- 
ume-fraction data, at least for the 2 complex mix- No. 22 me tee des | ania d dae te 
ate ol tures (No. 1 and 3; Tables 11 and 14) of higher 04908. 20] ate 220 | +07 | 0.8057 | 0.8054 | —0.04 
‘cal hydrocarbons for which calculations could be made. 0.7456... 00... .| 22.70 22.8 +0.5 | 0.8061 | 0.8061 0.0 
V S1Ce ~ . ° 
1 the a The complex mixtures gave reproducible cloud- TABLE 9 
listed me pour- point data (Tables 11, 13, and 14). How- Comparison of Experimental and Calculated Viscosities 
its of @ cr It is important to note that, although complex (at 68° F.) of the Binary Mixtures 
s per jy exture No. 2 consistently continued to flow at —80° a 
F, when it was allowed to warm slowly from —80 : : Experimental Viscosity | ASTM Chart 
to 0° ws 1j di fi | d > d li d t 0° F ' Weight-Fraction iscosity (Weight-Fraction) Viscosity 
, was -1t soludined, and remained Solid a 8 PSC 63 (Centistokes) (Centistokes) (Centistokes) 
No.1 ff The mixture work of Project 42 is being continued, 00... 107.0 sas ésagoais was ea tatase 
ind much remains to be done. We are particularly in- ggg. 0| for | att 80h | aes Chia 
terested in the effect of mixing on the melting point 07481 Ud nase bie wk a eit aa 4 27.9 (— 4.8%) | 32.0 (+ 9.2%) 
and, therefore, the scheduled research in this field is Weight Fraction i ay aa Sie as, Siete Pam his ui so 
“ncerned primarily with that problem. PO nn: aa pe RG SET ORMCRMPO SeTee EE Je 
We oaee ee | HSCS | Ba ag 
WOE; cysicecehees wee f 0 (— 0.7% y 9% 
Naphthene-Ring Analysis Methods ee eee 
com- Th bela : Weight-Fraction 
) and “ ¥ methods for predicting the weight percent 4 4,'S¢” ease 
; Naphthenic rings in mpletely saturated oil have  0.2467.22. 0020. 21.12 21.2 (4+ 0.5%) | 21.5 (+ 1.9%) 
Mie BP Proposed in the literature. ee ) ge | ee | ee 
l ‘ . "A RaR Seienne oes hone y 4% ly 
: . : Sebi, ee aeons bes Sas hes AAT oe 
tions | Davis 2nd McAllister suggested the following © 
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in naphthenic rings: 


ular volume) 


equation for calculating the number of carbon atoms 
N=(0.358) (molecular weight)+7.7—(0.3) (molec- 


where N=number of carbon atoms in naphthenic 


weight, the weight percent carbon atoms 
thenic rings may be approximated. Althou 
man-Pilat and Pilat *° reported the method 
curate for the 7 hydrocarbons studied by | 
found it to be unsatisfactory for 16 out o/ 
hydrocarbons or hydrocarbon mixtures.’ 






























































rings. From this and a knowledge of the molecular 
TABLE 10 
Hydrocarbons in Complex Mixture No. 1 
| Viscosity in | Kinematic Refractive Melting Aniline 
PSC | Centistokes | Viscosity Density at Index at Point ‘oint 
Ne. | NAME OF STRUCTURE at 68° F. Index 0° C. 0° C. °C.) °C.) 
| | 
C.—C—C | 
3 | 7-nButyldocosane ep’, Sizoes | 20.50 131 | 0.8040 1.4499 32 | 1142 
| Cy | | | 
Ce—C—C. | | 
5 7-nHexyldocosane. . o—C—Cis | 2496 | 144 | 0.8078 | 1.4517 193 | 117.7 
6 | | 
| Cs—C—Cis | | 
6 | 9-nOetyldocosane l | 27.43 148 0.8112 | 1.4537 | 8.6 116.9 
Cs | | 
7 | 11-nDecyldocosane. . oi i 31.85 | 155 | 08127 1453 | 10 | 1281 
Cio } | | 
8 | 11-nDecylheneicosane Cur-P—Coo 2.07 | 49 | Oss | 14540 | 87 | 121.4 
| Cro | | | | 
; ; | 
9 | 11-Phenylheneicosane € p> Cro 30.96 112 0.8531 1.4788 | 20.8 | 66.6 
| | 
bye | | 
25 | %nOetylheptadecane geet tiie 16.03 | 116 0.8017 | 1.4487 | —138 | 111.6 
| es | | | | | 
C7—( ‘=C—Csx | | | | | 
26 9-nOcty|-8-heptadecene | 13.21 126 | 0.8084 | 1.4554 | Glass | 100.0 
Cs | | | } 
. ny | | | | 
|. thadngDetiecmee al ta 1353 | 12 | 0803s | 14497 | —9.1 114.1 
Cs | | 
51 | 7-nHexyleicosane Co—C—Cis 19.62 131 | 0.8040 14497 | 102 114.4 
Ce 
| | | 
52 | 11-Phenyl-10-heneicosane. . . ar 24.09 | 115 | 0.8636 1.4922 Glass | 48.2 
| 10 | 
| Cu—C—Co | | | 
53 | 11-(3-Pentyl)-heneicosane | 1925 | 119 0.8092 14517 | Glass | 113.4 
mA \ | | 
2 C2 | 
, | 
60 11-Cyclohexylheneicosane | 36.10 | 116 0.8373 1.4689 | —7.2 108.5 
| C—=Cye | | 
| mee 4 | | | | 
: C-C=C | 
63 | 9-nOctyleicosane. . ~ u |} 22.39 | 135 0.8074 1.4515 | 0.5 | 117.2 
| | | 
? - | | 
| | | } | 
64 11-Cyclopentylheneicosane c—c 24.35 122 0.8329 1.4613 | —12.7 106.5 
ae. | | 
i d | | | | | | 
10 | 
68 | 13-Phenylpentacosane —)- ‘ | 455: | 139 | 0.85301 | 1.4787 31.7 79.4 
—Ci2 | 
} | | | 
bs | | 
| | 
69 | 13-Cyclohexylpentacosane Cy} e 5164 | = 135 | (0.8390 | = 1.4653 1.2 115.5 
‘oe | | 
| | | 
Cw | | | 
75 | 3Cyclohexylei a , | 3136 | 156 0.8383 1.4642 22.7 | 107 
7 | yclohexyleicosane 4 “— | | | 7.7 
| | 
| Co | | | 
76 | 5-Cyclohexyleicosane Ce c 36.35 119 0.8371 | 1.4638 —2.2 107.0 
| ——~\ 16 
} &, | | 
| | ‘ 
77 7-Cyclohexyleicosane .. oe: 3524 | | «(0.8367 | 1.4685 Glass 106.7 
| } 
| 
| ‘ | | 
79 | 3Phenyleicosane 2541 | 143 | 0.8847! 1.4796 29.3 61.3 
| Cy, | 
| 
| d, | | 
80 | 5-Phenyleicosane. .. |} ss | 18 0.8546! 1.4796 30.2 61.4 








1 Extrapolation values 
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we proposed the use of a correction graph at that 
ime, which gave much more accurate results. 

Waterman and co-workers ** have recommended 
the use of an interpolation method based on the varia- 
ion of specific refraction with molecular weight for 
the calculation of weight percent naphthenic rings. 

In 1940 Lipkin and Kurtz’ proposed their “ring- 
chain split” method of predicting the weight percent- 
age of naphthenic rings in saturated hydrocarbon 
oils. The method depends on interpolation between 
the curves showing the variation of density at 20° C. 
with the temperature coefficient of density, for paraf- 
fns as compared to “total” naphthenes. 

The results obtained by application of the 3 
methods outlined above, as well as with the “cor- 
rected” Davis and McAllister procedure,” to 20 of the 
pure saturated hydrocarbons prepared by Project 42 
are compared in Table 15. The theoretical weight per- 
cent naphthenic rings for these hydrocarbons range 
from 0 to 72 percent, 

Inspection of the data contained in Table 15 gives 
rise to the following conclusions: 

1. In general, the uncorrected Davis and McAllister 
method 7° is unsatisfactory, particularly in the lower- 
percent rings. However, when this method is cor- 
rected as proposed by Schiessler et al.,? the calculated 
values are in good agreement with the theoretical 
weight-percentage naphthenic rings. The average de- 





the weight percentage of naphthenic rings in an oil is 
incomplete, and must await the preparation of more 
hydrocarbons containing condensed or “fused” rings. 
However, the results already obtained are revealing ; 
and, if hydrocarbons of the type listed in Table 15 do 
occur in lubricating oils, it must be concluded that 
these data are pertinent: for the above methods of 
predicting naphthenic-ring content depend on either 
density or refractive index, both of which have been 
shown by the work of Project 42 on mixtures of 
higher hydrocarbons to be linear functions of the 
weight-percentage composition. 


In the second paper? of this series the Water- 
man?® method of estimating percent by weight of 
aromatic rings.in oils was examined by applying it to 
the data for four of our hydrocarbons, two of the 
compounds of Mikeska,’ and two of the hydrocarbons 
of Neyman-Pilat.”° At that time it was shown that the 
procedure as proposed by Waterman was inapplicable 
to the pure higher hydrocarbons available. However, 
we discovered * that by a suitable change of Water- 
man’s equation it was possible to achieve excellent 
checks (+2.0 percent) with the theoretical weight 
percent aromatic rings for the pure hydrocarbons 
studied. The Vlugter, Waterman and van Westen 
(18) calculations of the weight-percentage aromatic 
rings is made by multiplying the difference in aniline 
point (° C.) caused by complete hydrogenation by the 
factor 0.85. Thus: 


(Aniline point naphthene—aniline point aromatic) (factor) = weight percent aromatic rings 


viation of the Davis and McAllister values from the 
theoretical is 6.2 percent, as compared to only 2.0 
percent when the “corrected” method is employed. 


2. The method recommended by Waterman and co- 
workers 7* is inadequate for the prediction of the per- 
centage naphthenic rings in these hydrocarbons. The 
only possible exceptions are PSC No. 62 and 108, 
which contain fused rings. The average deviation of 
the percentages calculated by the Waterman method 
irom the true values is 6.7 percent. 


3. The “ring-chain split” method of Lipkin and 
Kurtz "* evidently is fully as satisfactory for the pre- 
diction of the weight percent naphthenic rings in 
these saturated hydrocarbons as is the “corrected” 
procedure of Davis and McAllister.” The average de- 
viation of the values obtained by this method from 
the theoretical is less than 1.9 percent. The Lipkin 
and Kurtz method has the added advantage of re- 
quiring only 2 relatively simple density measure- 
ments at 2 temperatures in the vicinity of 20° C. (so 
that temperature coefficient of density and density at 
*0° C. are known). On the other hand, the Davis and 
McAllister method requires the determination of the 
density at 20° C. (for calculating molecular volume) 
and also the determination of molecular weight. 


It is important to recognize that this study of the 
relative worth of the various methods for predicting 


We have found (2) that, if the factor is changed from 
0.85 to 0.47, good agreement between the theoretical 
and calculated weight percent aromatic rings is 
achieved. Only one of the hydrocarbons reported in 
this paper can be applied to this analytical method, 
PSC No. 16 (Table 1). For this condensed ring hy- 
drocarbon, the theoretical weight percent aromatic 
rings is 22.5 percent, and Waterman’s method pre- 
dicts 46.5 percent. On the other hand, our modifica- 
tion of Waterman’s method. predicts 25.7 percent 
aromatic rings [refer to reference (2) for details]. 


Conclusions 
Following is a summarization of the correlations 
of physical properties reported in this paper. The 
generalizations are all tentative, and are based on our 
researches, and those of other workers when possible. 


Viscosity and Viscosity Index 

1. Both viscosity and viscosity index are increased 
by increasing molecular weight, basic molecular sym- 
metry remaining constant. Preliminary results (Fig- 
ures 19 and 20) indicate that aromatics and naph- 
thenes containing one cyclic group per molecule ex- 
hibit greater viscosity and viscosity-index increases 
for a given increase in molecular weight than do the 
corresponding isoparaffins. 

2. Progressive cyclization to phenyl, cyclohexyl, 






































TABLE 11 
Complex Mixture No. 1 
Viscosity in Kinematic g Fae Aniline Cloud Pour 
P Centistokes at Viscosity A Point Point Point 
operty 68° F. Index 20 n2%m | (°C.) (°F.) (°F.) 
raemental ies ahie Sug Saeed da he ee aanbiag teed oda A akg tk Re 26.05 131 = ees =e —28 —30 (solid) 
culated from: -.ol-fraction dat TD _. FER cers eta ri Ate Sane 24.8 29 . : a ae: Te ye fee? 
Cuecated f eas Anatase ($.0%) | (15%) | 0M) | 4.008%) | (19%) foe | eee 
ated from: ~eight-fraction dat: i _, RRRIRDRRRNE ge Rar eee : . Ss A Ee EA eae op taatee e Pee ss ee 
ib ~ --caieieg oui ee aoe) eee) aS | a a 
ton, -olume-fraction dat oD Ot OPES er, Pare . . yn tia Nips ae eee Mee pute she Ae 
ume-fraction data (percent error) (48%) (0.8%) (0.12%) (4-6.007%) gidalie, bits 
—_—_— 
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and cyclopentyl rings results in large increases in 
viscosity (Figures 3 and 4). Phenyl and cyclopentyl 
rings are about equally effective in increasing vis- 
cosity; however, cyclohexyl groups cause much 
greater increases in this property (Figure 3). The 
viscosity increase per additional ring (phenyl, cyclo- 
hexyl, or cyclopentyl) evidently is greater the more 
rings per molecule. 








TABLE 12 
Hydrocarbons in Complex Mixture No. 2 









Cyclization to phenyl and cyclohexyl groups re 
sults in large decreases in the viscosity index, an; 
the decrease per additional ring becomes greater the 
more rings per molecule (Figure 7). On the othed 
hand, the viscosity index is affected only slightly p 
increase in the number of cyclopentyl-type rings pe 
molecule for these pure hydrocarbons (Ficure ?) 

3. The variation of the viscosity at 100° F. with 
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. Viscosity in | Kinematic Refractive Melting Aniline Grams j 
PSC Centistokes | Viscosity Density at Index at Point Point Mixtere 
No. NAME AND STRUCTURE at 68° F. Index 20° ¢. 20° C. (°C.) (CC) | Ne 2 the po 
~~) . | 90-cart 
—Ce | 5 
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2 | accurat 
| | 
C,—C—C,—-C—C | | method 
I §, 11, 1 
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1 Extrapolation values. 2 Below freezing point of solution. 
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the position of a phenyl- or cyclohexyl- group on a 
)-carbon paraffinic straight chain is somewhat vari- 
able; however, for both types of rings, maxima are 
exhibited when the cyclic substituent is in the 5- posi- 
tion (Figure 11). At 210° F, the viscosity tends to 
increase as the cyclic group is shifted from the center 
toward the end of the 20-carbon straight chain 
(Figure 12). 

For both the phenyl- and cyclohexyl- derivatives, 
the viscosity index increases greatly as the ring ap- 
proaches the end of the straight chain. In general, 
the KVI’s of the hydroaromatics are slightly higher 
than those of the aromatic hydrocarbons (Figure 13). 

4, In general, olefinic unsaturation is accompanied 
by a decrease in the viscosity and an increase in the 
viscosity index (Table 4). However, the magnitude 
and direction of the variation in these properties is 
somewhat variable. 

}, The viscosity or a binary or complex mixture of 
pure, heavy hydrocarbons may be calculated rather 
accurately by use of the “reciprocal-centistoke”’ 
method employing weight-fraction data (Tables 6, 7, 
§, 11, 13, 14). Approximately the same degree of ac- 
curacy for binary mixtures is obtained by use of 
ASTM Chart D as an empirical blending chart 
(Figure 22; Table 9). The calculation of the viscosity 
index of a blend by the methods studied is untrust- 
worthy (Tables 6, 7, 8, 11, 13, 14). ; 


Refractive Index and Molecular Refraction 


l. Refractive index has long been known to in- 
crease for saturated hydrocarbons with increasing 
molecular weight, molecular type, and symmetry 
being maintained constant, and our compounds fol- 
low this general rule (Table 5). That this is not the 
tase for mono-aromatics is evident from- the data. 
The relative paraffinicity of the latter molecules in- 
tteases with increasing molecular weight; hence the 
tttractive index is decreased. 

_*. Both cyclization and aromatization increase re- 
active index, as has been noted previously.” ? How- 
‘ver, aromatic groups increase index of refraction 
much more than do the naphthenic cyclohexyls and 
‘yclopentyls (Figure 9). As can be shown by the 
nolecular-refraction principle, the increase in refrac- 
We index resulting from cyclization to naphthenic 












* Aniline point not calculated, as aniline points of two components were not determinable. 


rings is primarily due to the increase in density. In 
the case of aromatization, however, the refractive 
index increase following the rise in density is ac- 
companied by the exaltation effect of the aromatic 
double bonds. 


3. The effect on refractive index of the position 
of a phenyl- or cyclohexyl- group on a 20-carbon 
straight chain is generally small and variable (Table 
3). A rather large decrease in index of refraction 
is noted for the 1- cyclohexyl isomer. 

4, Olefinic unsaturation is invariably accompanied 
by a rather large increase in refractive index, as 
would be expected (Table 4). 

5. The refractive index of a binary or complex 
mixture may be predicted rather accurately from 
the refractive indices of the hydrocarbon components 
and the weight- or volume-fraction data by the calcu- 
lation method outlined above (Tables 6, 7, 8, 11, 13, 
14). 

The agreement between the observed values for 
the refractive indices at 20° C. and those calculated 
by the method of Lipkin and Martin ** is very inter- 
esting [Table 1; see also reference (2)]. For all the 
hydrocarbons reported in this paper except those 
containing cyclopentyl-type rings, the calculated 
values check within 0.0007 units of the experimental, 
the average deviation being 0.0004 units. For the 
cyclopentyl-type hydrocarbons, however, the calcu- 
lated values are always higher than the experimental 
refractive indices, and the average deviation with 
regard to sign is +0.0017 units, the maximum devia- 
tion being +0.0027 units. By application of the 
equation to the various cyclopentyl-type hydrocar- 
bons reported by Goheen *? and Schmidt and Gemass- 
mer,?* these latter results have been checked. In 
every case, the values calculated by use of the equa- 
tion 4 for the cyclopentyl hydrocarbons have been 
high. This effect was probably to be expected from 
our work concerning the relative refractive-index and 
density increases accompanying cyclization to cyclo- 
hexyl- and cyclopentyl-type rings (Figures 8 and 
9). Project 42 is continuing the investigation of the 
significance of these observations. 

The experimental molecular refractions of the 
hydrocarbons, which relate the densities and refrac- 
tive indices, are in good agreement with the values 








TABLE 14 
Complex Mixture No. 3 
Viscosity in Kinematic Aniline Cloud Pour 
Propet Centistokes at Viscosity Point Point Point 
y 68° F. Index d20 n20p (°C.) (°F.) (°F.) 
; imental... RE ON Ton TS Bip ee 28.72 116 0.8390 1.4682 94.4 —42 —45 
from mncl-fraction data (percent error)................0000s000e- 29.1 120 0.8397 1.4686 94.2 PSOe oie 
Wleulated f , (+1.4%) (+3.4%) (+0.08%) (+0.03%) (—0.21%) 
tom weight-fraction data (percent error)...................+++- 28.9 ° 120 0.8393 1.4682 “ 
Weulated f ; (+0.70%) (+3.4%) (+0.04%) (0.0%) (+0.11%) 
Tom volume-fraction data (percent error).....................-. 28.9 120 0.8391 1,4682 94.6 
(+0.70%) (+3.4%) (+0.01%) (0.0%) (+0.21%) 
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TABLE 15 


Application of Naphthene-Ring Analysis Methods 



































* = =—=— 
WEIGHT PERCENT NAPHTHENIC RINGS 
Davis and Bo 
PSC Davis and McAllister Lipkin and 
No. Hydrocarbon! Theoretical McAllister!9 Corrected? Waterman!® | Kurtz!7 
106 ME Pa a A eee, os ak be awk NA Sn ES? STR Re 2h 0.0 | 9.64 0.04 solid ae 
109 3-Ethyltetracosane........ EE RAAT SUN Ges Rie Pe nae bee ne 0.0 10.04 0.04 0.0 2.94 
107 Se os os vas akecaccusasipecvoms RUE LORS ae 15 0.0 17 
222, | ~=—s«6, 11-di-nAmylhexadecane.................. Denn See Ev Sd ste Reis 0.0 10.0 1.5 mala 17 
74 11-Cyclopentylmethylheneicosane. . . mal 18.5 | 24.4 18.3 13.0 19.0 
117 1-Cyclopentylheneicosane............. --| 19.2 24.24 17.34 16.54 19.94 
642 | 11 clopentylhenicosane........... ; ; Scarce Beccles a tadeelen std 19.2 26.5 20.4 15.4 21.9 
110 9(3-Cyclopentylpropy!) heptadecane. . . Ne IAAL Pen eee 20.0 25.6 18.8 15.0 20.8 
91 11-Cyclohexylmethylheneicosane. .... . GA Ro ae ees calea eY 21.4 26.8 21.4 14.9 214 
100 1-Cyclohexyleicosane................ ofA Cee, rere et kee tee) 22.8 | 26.24 20.04 11.54 21,94 
102 2-Cyclohexyleicosane..................... 22.8 } 29.2 23.8 15.0 24.9 
104 4-Cyclohexyleicosane. . BE ek Pd hates 22.8 | 29.6 | 24.2 | 16.9 25.7 
882 9(2-Cyclohexylethyl)heptadecane...... . 24.0 | 27.6 | 21.2 | 15.0 23.6 
623 |  11-Alpha-decalinheneicosane............... 32.3 42.9 43.3 28.7 39.0 
108 Alpha-nhexadecylhydrindane................. 35.3 } 44.04 42.04 32.44 41.14 
15 <iaalisiatgh Eckmndospondeseniens ka 38.5 | 41.9 40.0 31.2 39.9 
111 1-Cyclopenty|-4(3-cyclopentylpropy!)dodecane 40.0 42.4 | 40.0 31.3 41.0 
112 | 1 1 ladilendhonaieans Navanwates< 46.2 49.64 49.64 solid 47,84 
113 1,7-Dicyclopenty|-4(3-cyclopentylpropyl) heptane 60.0 59.2 61.2 48.3 + 609 
90 1,5-Dicyclohexyl-3(2-cyclohexylethyl) pentane 72.0 } 66.84 | 70.84 50.24 69.14 
| 
1 For properties, refer to Table 1. 2 For properties, see reference (2). 3.For properties, see reference (1). 4 From extrapolated values. 
Average Deviation from Theoretical: Percent 
NE OI Ce 6.2 
Davis and MeAllister (corrected)..................000 ccc ceeeees 2.0 
ees Set Boe al wi 0% (hik LEbs'e Neca CK Reet ene 6.7 
8 on cece Says ia hd nde blatecesckesavascas 1.9 


computed for the theoretical molecular formulas 
from Ejisenlohr’s atomic data. (It should be noted 
that, in estimating the “calculated” refractions, 2.420 
was used as the atomic value for carbon. This was 
necessitated by the fact that Eisenlohr used 12.00 
for the atomic weight of carbon, whereas the value 
now accepted is 12.01. Hence it was necessary to 
change the atomic value of 2.418 to 2.420 in order 
to resolve this discrepancy.) The average deviation 
of the experimental molecular refractions from the 
calculated values is +0.3, with regard to sign and 
excluding PSC 116 (Table 1). In every case the 
calculated refractions are lower than the experi- 
mental figures, 

The large deviation (+2.3) noted for PSC 116, 
di-p-tolyldedecane, is interesting when compared to 
the results formerly reported’ for PSC 10, 9-p- 


tolyloctadecane. The latter hydrocarbon gave an 


experimental molecular refraction 3.0 units higher 
than the calculated value. 

Ward and Kurtz * have related refractive index 
and density change for hydrocarbons: 


An=0.604d 


Calculation of 4n between 20 and 40° C. from the 
experimental density change shows close agreement 
with this equation, the average deviation being ap- 
proximately +0.0002 units. 


Density and Molecular Volume 


1. The density of saturated hydrocarbons is in- 
creased by increasing molecular weight, molecular 
type, and symmetry being constant (Table 5). 

2. Both cyclization and aromatization increase 
density, as is shown in Figure 8. Progressive cycliza- 
tion of a molecule to phenyl groups yields a much 
greater density increase than the formation of cyclo- 
pentyl or cyclohexyl rings. For a given percentage 
carbon atoms in naphthenic rings, cyclopentyl groups 
are more effective in increasing the density than are 
cyclohexyls (Figure 8). 

3. The position of a phenyl- or cyclohexyl- ring 
on a 20-carbon straight chain has a relatively small 
effect on density (Figure 14). For the phenyl series 
the density increases slightly as the ring is moved 
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toward the end of the paraffinic chain, whereas the 
cyclohexyl series exhibits a slight maximum at posi- 
tion 3. 

4. Olefinic unsaturation invariably serves to in- 
crease the density (Table 4). 

5. The density of a binary or complex mixture 
can be predicted rather accurately from the densi- 
ties of the constituent hydrocarbons and the weight- 
or volume-fraction data by the calculation methods 
discussed previously (Tables 6, 7, 8, 11, 13, 14). 

The close agreement (Table 1) of the experimental 
molecular volumes for the saturated hydrocarbons 
with the values calculated from Kurtz and Lipkin’s‘ 
formula is very interesting. The average deviation 
of the calculated molar volumes from the expert 
mental ones is only +1.0 ml per gram mole, or about 
+0.25 percent. The maximum deviation found for 
the 15 saturated hydrocarbons in Table 1 is only 2. 
ml per gram mole, or about 0.6 percent. For the 
application of this equation to earlier hydrocarbons 
of the project,.the reader is referred to Table 1 and? 
of reference (2). 


Aniline Point 


1. Increase in molecular weight results in increase¢ 
aniline point, molecular type, and symmetry remait- 
ing constant [Figure 21; see also reference (2)]. The 
average rise in aniline point per additional carbon 
atom for saturated hydrocarbons is approximately 
1.6° C., as compared to about 2.1° C. for monoare- 
matics in this molecular-weight range. For more com 
plete data, the reader is referred to our second pape. 

2. Cyclization invariably results in decreased ant 
line-solution temperature, molecular weight beims 
maintained constant. From the work on the series 
in which the number of phenyl, cyclohexyl, or cycle 
pentyl groups is steadily increased (Figure 1; Table 
2), it is evident that aromatic rings are the mos 
effective in lowering the aniline point, and cyclopenty! 
groups are more effective in this respect than a 
cyclohexyls (Figure 10). . 

3. As shown in Figure 16, the aniline pomt 
steadily increased by the shift of a cyclohexyl grou 
from the center toward the end of a 20-carbor 
straight chain. On the other hand, the position 


Petroleum Refiner—V o/. 22, No. ! 






jsome 
of th 
creas 
4. 
by a 
4), 


mF 


5 
whick 
tures 
the a 
fair ¢ 
the ¢ 
fracti 
above 


& * 
increé 
type 
Table 

2. ( 
point 
im cyt 
for cy 
ing-p 
napht 
of rin 
metry 
crease 
that « 
numb 
(Figu 
per a 
rings 

3, | 
carbo: 
boilin, 
point 
pheny 
towar 
is son 
tives 

4. ] 
by ac 

5. 7 
alpha- 
3.0° ( 








lovem| 





as the 
posi- 


to in- 


ixture 
densi- 
eight- 
sthods 
jf 

rental 
rbons 
kin’s ‘ 
‘ation 
xperi- 
about 
id for 
ly 2.6 
yr the 
irbons 
and 2 


reased 
»main- 
. The 
‘arbon 
nately 
10aFr0- 
e com: 
paper.” 
d ani- 
being 
series 
cyclo- 
Table 
most 
penty! 
in are 


int is 
group 
-arbot 
itional 


No. ! 





a 
‘vember, 


isomerism of a phenyl ring outward from the center 
of the paraffinic chain generally results in a de- 
crease in aniline point (Figure 16). 


4, Olefinic unsaturation invariably is accompanied 
by a decrease in aniline-solution temperature (Table 


4), 

5. The results for the two complex mixtures to 
which the calculation methods could be applied (mix- 
tures No. 1 and 3; Tables 11 and 14) indicate that 
the aniline point of a blend may be predicted with a 
fair degree of accuracy from the aniline points of 
the components, and either the weight- or volume- 
fraction data by the calculation methods outlined 
above. 

Boiling Point 


1. The boiling point of hydrocarbon invariably is 
increased by increasing molecular weight, molecular 
type and symmetry being constant (Figure 18; 
Table 5). 

2. Cyclization invariably increases the _boiling- 
point increment for a given percentage carbon atoms 
in cyclohexyl rings is approximately equal to that 
jor cyclopentyl rings (Figure 2). Further, the boil- 
ing-point increment per additional ring for these 
naphthenics is apparently unaffected by the number 
of rings per molecule. For molecules of like sym- 
metry and molecular weight, the boiling-point in- 
crease accompanying aromatization is greater than 
that caused by cyclization to naphthenes when the 
number of rings per molecule is greater than one 
(Figure 2). Moreover, the boiling-point increment 
per additional aromatic ring is greater the more 
tings per molecule (Figure 2). 

3. Positional isomerism of a cyclic group on a 20- 
carbon straight chain has a marked effect on the 
boiling point. As shown in Figure 17, the boiling 
point is increased as the cyclic substituent, either 
phenyl or cyclohexyl, is shifted from the center 
toward the end of the 20-carbon chain. This increase 
is somewhat less marked for the cyclohexyl- deriva- 
tives than for the phenyleicosanes. 

4. In general, olefinic unsaturation is accompanied 
bya decrease i in boiling point (Table 4). 

5. The boiling point at 1.00 mm of the saturated 
alpha-nhex cadecylhydrindane (PSC 108; Table 1) is 
30° C. lower than that of the unsaturated alpha- 
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nhexadecylhydrindene (PSC 16). This is in agree- 
ment with the relative boiling points of naphthalene 
and decahydronaphthalene (or decalin). 
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Reaction-Rates in the Liquid-Phase 
Oxidation of Paraffins 


DR. H. PARDUN and R. KUCHINKA 
(Translated from “Fette und Seifen,” vol. 49, p. 441, June, 1942) 


I N DISCUSSING reaction-rates in the liquid-phase 
oxidations of paraffin-waxes it has been determined 
that the quantity of air used per unit mass of paraf- 
fins is the most important variable besides tem- 
perature, catalyst and time. 

Technically the quantity of air consumed is a 
matter of economics; though very important from a 
cost viewpoint, there are only scattered references in 
the literature that deal with this single factor of 
quantity of air, and its influence on the reaction- 
rates and on the yields of the valuable products 
obtained. 


For instance, Griin and Ulbrich’ oxidized a paraf- 
fin of unknown origin in quantities of 100 grams at 
160° C. for a 12-hour time period, using 150, 300, 
600, 800, 1000, and 1200 litres of air per hour. The 
reaction-rates were evaluated from the values ob- 
tained for the acid number and saponification num- 
ber, the content of fatty acids, and the percent of 
non-acidic materials—tests which were made on the 
crude reaction product. They concluded that there 
is an optimum quantity of air necessary in these 
oxidations which must be maintained, otherwise the 
rate of oxidation will be exceedingly slow, even 
with temperatures increased. The optimum air vol- 
ume was calculated by them to be about 500 litres 
per hour. 

Pflugk? studied reaction-rates in relation to quan- 
tity of air used by oxidizing 300 grams of lignite 
paraffin (53° C.M.P.) at 160° C. with 215, 500, 690, 
900, 1100, 1350, and 1485 litres of air per hour. This 
investigator found that oxidation rates increase with 
the increase in the amount of air used. The results 
so obtained do not correspond with those of Griin. 
It was also difficult to determine some limiting value 
of rate of oxidation. 

During the period from 1914 to about 1932 in- 
vestigators in this field were operating practically 
at rather high reaction temperatures—somewhat in 
the neighborhood of 150° to 160° C.* This was fol- 
lowed by a period during which it became custo- 
mary to work at lower temperatures, and with cor- 
responding lower unit quantities of air. The gen- 
eral patent literature has been reviewed from 1920 
to about 1942 and we have tabulated below the 
patents, their date of issue, and the temperature em- 
ployed with various quantities of air as described 
in these patents. 

In order to compare the variables such as litres of 
air per unit mass oxidized in unit time as shown in 
these various patents, we have expressed the quan- 
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tity of air (employed in these patents) and in our 
own experiments by the symbol 
Litres of air 


Di = G/Time (Hrs.) 


For example, Dy is equal to 1, when 100 grams 
of wax are oxidized with 100 litres of air per hour, 
or, say when 50 kilos are treated with 50 cubic 
metres of air per hour. 




































































Liters 
AIR-CONSUMPTION:—_——_————- 
Grams per Hour 
Patent | Year —_—_———, 

No. | Applied Company 0.075 0.25 0.5 1-0 | 25 
SE RS a mentee sae s: ee 
405,850 1921 Bad. Anilin..... csailar lle! setae he ane tea 160 
407,245 1922 Bad. Anilin..... Pas pret es See “A 160 
502,433 1927 I. G. Farb. Ind. eR: fica sada oe ae 160 
539,572 1928 Ae SS | er eer 150 °C. 
541,315 1928 eee, Seer each leas ee 140 

155 °C. 
564,433 | 1930 | I. G. Farb. Ind. 
568,130 | 1931 ee eS eee eres 155 °C. 
570,130 1927 I. G. Farb. Ind. 5c Eee ee 160 °C. 
576,003 1928 I. G. Farb. Ind. abu Pelee LU eae 160°C 
608,362 | 1927 I. G. Farb. Ind. ees a eee 160 °C. 4 
612,952 | 1927 | I.G.Farb.Ind.| .... | ...... a 160 °C. 
619,113 1930 I. G. Farb. Ihd. 150-160 °C. 
621,979 1931 I. G. Farb. Ind. he EOS. grrr | 160-165 
626,787 1933 I. G. Farb. Ind. ae: |. Ls ae eg i 
708,260 | 19389 | I.G. Farb.Ind. | 110°C.| ..... e ey ie ‘ 





The change to lower temperatures and smallet 
quantities of air described in these patents occuls 
approximately in the period around 1933. Further 
conclusions have not been made in reviewing thest 
patents. . 

We have undertaken the work described herett 
in order to determine the effect of changing tht 
quantities of air in attempts to obtain optimum cor 
ditions to produce “wax acids” or fatty acids by 
oxidation. As stated above, we found the literatutt 
quite vague concerning this variable as well as te 
peratures. that were employed, which were in the 
range of from 100° C. to 160° C. In carrying 0! 
our experiments we chose a crude pasty paraftit- 
wax mixture derived from a Fischer-Tropsch sy)" 
thesis. Other factors, such as the percent of catalyst 
pressure of air, distribution of air had already beet 
developed from previous practical oxidations wi 
are carried out daily on a commercial scale. 


Experimental Technique 


Raw Material—The starting material was a pat 
wax paste obtained in the Fischer-Tropsch inst 
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tion in manufacturing gasoline at the plant of the 


Braunkohle-Benzine, A. G. This crude material 
showed the following tests: 


Acid number 


eee eee eevee 


Saponification number 


Iodine number 
D 50/15 
Solid point 


eee ee eee eens 


(Rotating thermometer-bulb) 


In order to obtain data as to the composition of 
the crude wax, 50 cc. of the crude starting-material 
was distilled in a flask with a 20 cm Widmer column. 
The column, neck and side arm were electrically 
heated to prevent undue reflux, and solidification of 
the wax in the side outlet tube. The distillate (1 drop 
a second) was recovered in a graduated receiver 


heated to 70° C. 


Results of Distillation Test 














t° (13 mm.) t° (13 mm.) t° (13 mm.) 
Vol. % Cor’d. Cor’d. Cor’d. 
0 137 210 238 
5 178 213 243 
10 185 216 250 
15 191 223 257 
20 195 228 265 
25 201 233 277 
30 206 283 




















Using the Cox vapor pressure chart‘ the boiling 
point of the cuts from 5-9 percent by volume were 
calculated giving a boiling range between 318° C. 
to 425° C. at 760 MM—-signifying paraffins of from 


18 to 28 carbon atoms per molecule. 


Procedure—The apparatus employed is shown in 


Figure 1. 


The flask containing the fritted glass diffusion- 
plate was designed according to Prof. H. Kauf- 
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FIGURE 1 
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mann, who has carried on considerable work on 
the oxidation of paraffin waxes in the liquid-phase; 
but as yet not published, As assistant to Prof. Kauf- 
mann one of us had employed this apparatus pre- 
viously with very good results. The same apparatus 
has also been used by us for hydrogenation and 
was previously described.® 

A Schott glass tube (6B 3G) which is ordinarily 
used to filter mercury, comprised the basis of the 
whole apparatus. The diffusion-plate is manufac- 
tured so that the pores show a diameter of 40U. 
The bulb A(250 CC) is a foam chamber to break up 
any foaming and also reflux back into the flask any 
entrain portions of liquid. 

To bulb A is attached a very efficient water- 
cooled condenser through ground glass joints, which 
contains at a lower outlet, the ground glass jointed 
receiver D which is graduated. Non-condensible 
gases and carbon dioxide were not collected or meas- 
ured. B is a gas-heated air bath made of 1 mm sheet 
iron—arranged with a cylindrical piece of pyrex 
glass plate 70 x 70 mm. so as to afford visibility of 
the diffuser-plate. Coarse metal filings served to 
prevent overheating of the tube. 

This tube, or reaction vessel, contains an inserted 
thermo-couple extending from the top of the vessel 
into the material to be oxidized. By this means ac- 
curate temperatures are recorded, The use of oil 
baths is not recommended due to the opaqueness of 
the oils used. Our apparatus is so efficient that any 
temperature increase at the start of a reaction is 
well taken care of and exothermic heat is well dis- 
sipated by the tremendous circulation of the diffused 
air. 

A cylinder of compressed air furnished the air 
supply, the latter not being purified further. The 
consumption of air was measured in a rotameter 
standardized in litres per hour, for air at 0° C. and 
760 mm. 

Thirty-five experiments were carried out at tem- 
peratures between 100° and 160° C. For a 50-gram 
batch of wax we employed 50, 25, 10, 5, and 2% litres 
of air per hour. In order to eliminate the usual incu- 
bation period in wax oxidations during which period 
apparently no reaction takes place or oxidation is 
delayed, we employed a catalyst to overcome this. It 
consisted of 0.5 percent manganese stearate (made 
by the precipitation of sodium stearate and manga- 
nese sulphate). The procedure for carrying out the 
experiments was as follows: 

Fifty grams of material to be oxidized and con- 
taining the catalyst were heated to 100° C. A mild 
current of air was passed through the diffuser-plate 
at a low pressure, and the melted material poured 
into the reaction vessel. The apparatus was then com- 
pletely assembled and heating of the flash was next 
carried out. When the desired temperature had been 
reached the current of air was regulated at the de- 
sired rate. 

In order to follow the course of the oxidation 0.5 
gm. of the reacting material was withdrawn with a 
pippette from the flask from time to time for the 
determination of the acid and saponification num- 
ber. When the acid number reached 50 the oxidation 
was stopped and the non-voluble oxidized material 
was weighed as well as the total distillate found in 
the receiver. 

The crude reaction-material thus obtained was 
next characterized by determining the acid and 
saponification numbers, the unsaponifiable remaining 
after treatment with 2N KOH, extraction and acidi- 


{411} 141 


































9 1 aren PO NE iv ine Os ty 








TABLE 1 




















































































































= 
YIELD PRODUCT TESTS Hourly Con-' 
Air: sumption of 
Liters Fatty Acids} Unsap’ble | Paraffin Yield of 
—_———_- Time Product Dist. Acid Sap’n Percent Percent Percent | Fatty Acids 
No. |Temp. °C.|) Gm/Hr. Hours Percent Percent No. No. (Corr.) (Corr.) PerHr. | Percent 

1 100 1.0 100 82.6 4.34 51. 108 29.7 67.4 0.44 67.1 
0.5 85 93.0 4.53 50.2 91.2 28.2 67.1 0.44 74,9 
0.2 73 99.5 2.56 49.6 90.1 23.9 71.4 0.40 82.8 
0.1 72 101.4 1.36 50.9 88.4 23.8 74.2 0.39 96.9 
0.05 70 102.5 1.62 49.8 89.3 23.2 ie 0.29 112.4 

2 110 1.0 30.5 70.1 3.18 50.5 83.2 38.2 57.5 1.96 64.1 
0.5 30.25 97.0 3.45 50.4 98.0 27.0 69 1.08 83.5 

0.2 26.75 102.0 2.84 49.6 89.6 24.5 73.2 0.95 97, 

0.1 27 102.8 3.91 50.9 83.9 24.9 72.4 0.95 97, 
0.05 25. 104.6 1.46 50.6 87.9 22.3 | 75.1 0.86 103.6 
3 120 1.0 11.5 93.4 3.71 50.9 103 26.3 70.0 3.08 76.4 
0.5 11.25 99.0 6.06 50.1 99.5 25.5 70.9 2.65 85.7 
0.2 11.0 102.6 5.01 9.8 101.1 22.7 73.2 2.27 91.0 

0.1 16.5 103.8 3.30 49.1 93.7 23.3 73.2 1.45 97.1 
0.05 18.75 104.0 3.28 50.0 | 93.8 22.8 71.0 1.40 87.4 
4.. 130 1.0 5.0 96. 4.55 50.7 105.7 26.5 71.0 6.36 83.4 
0.5 4.75 100.6 7.09 50.2 101.1 26.2 71.9 5.85 94.2 
0.2 5.75 104 4.02 49.1 95.6 23.8 75.0 3.83 108.2 
0.1 7.5 104.7 4.17 49.2 95.8 23.4 72.9 3.18 100.0 
0.05 19.0 103 5.80 49.9 103.8 25.7 69.1 1.52 89.2 
5. 140 1.0 2.3 96.4 8.51 50.6 99.7 28.8 68. 14.8 } 83.7 
0.5 2.3 102.4 8.76 50.6 99.5 26.4 69.5 12.4 91.7 

0.2 3.75 | 103.6 5.85 50.7 91. 24.2 71.0 7.0 92.1 
0.1 9.0 | 102.5 7.57 51.0 107.3 30.1 64.9 3.72 90.0 
0.05 20.5 98.6 8.23 50.6 123.0 29.2 66.8 1.66 85.2 
6 150 1.0 1.75 94.6 9.2 49.2 100.9 29.0 65.8 21.6 76.8 
0.5 2.0 99.5 11.93 50.8 } 108.2 28.7 65.1 17.6 j 81.2 
0.2 4.1 102.4 8.04 49.3 } 103.1 27.1 67.4 7.6 87.4 
0.1 8.0 98.8 9.06 49.1 | 110.6 31.0 64.5 4.53 85.6 
0.05 25.0 96.5 11.6 50.5 120.5 32.1 64.6 1.52 84.8 

7 160 1.0 1.66 87.8 23.1 52.3 133.3 37.6 62.4 27.2 83. 

0.5 1.83 96.2 15.25 49.3 117.9 24.0 70.9 17.4 75. 
| 0.2 4.66 | 93.7 14.9 | 50.5 115.5 27.3 68.4 7.72 75.8 
0.1 10.5 92.2 15.29 49.3 125.3 31.5 65.5 3.88 79.6 
0.05 25.0 90.5 14.45 | 49.7 124.1 28.5 66.7 1.58 72.0 

| ' ' | 














fying the soaps in order to obtain free fatty acids 
and unsaponifiable material. For extraction we used 
petroleum-ether boiling from 35° to 45° even though 
this solvent does not completely extract all the un- 
saponifiable material. However, we were desirous of 
obtaining information as to the quantity of paraffinic 
material in the total unsaponifiable matter. Part of 
the free fatty acids were again saponified and ex- 
tracted with ether in order to determine the remain- 
der of the unsaponified matter. The percent of fatty 
acids obtained in the first case have therefore been 
corrected on the basis of this second extraction of 
unsaponifiables. 

Under the term “fatty acids’ we include the pri- 
mary mixture of normal and hydroxy carboxyllic 
acids including lactones, lactides, etc. The acids ob- 
tained after the petroleum ether extraction were then 
tested for acid number, saponification number, hy- 
droxy number, and the percent of oxy acids—so that 
further differences in the products obtained could be 
related back to the variables employed in the various 
experiments. 


Oxidation Rates and Yields 


The results of the experiments are shown in 
Table 1. 

To answer the question of optimum quantity of air 
one could now compare the oxidation times needed 
to obtain a product of 50 acid number. But inspec- 
tion of the results, comparing the acid number with 
some of the other constants (for instance, saponifiable 
number and the percent fatty acids) shows that a 
certain acid number does not always result in the 
same saponification number ; and that the saponifica- 
tion numbers correspond more nearly to the concen- 
tration of fatty acids—again dependent on the tem- 
perature. 
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One can therefore only correlate the reaction-rates 
in relation to the desired end product either by the 
percent of acids formed or by the quantity of paral- 
fin actually consumed. This correlation we have been 
able to express by the formula below, previously 
described.°® 


% (). Par. 
100° 
The values thus obtained form the basis for evaluat: 
ing a single or all experiments. 

In order to obtain comparable values we express 
the percent of paraffin consumed in terms of units 0! 
time. The results are shown in Figure 2. This graph 
indicates the relation of paraffin consumed ant 
oxidation-time. The curves are also based on some 





% Paraffin consumed = 100— % Unsaponifiable X 
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valies previously published. Due to the presence of 
a catalyst one notes the absence of an induction- 
period. It is seen that the percent of paraffin con- 
sale 3 is in linear relation to the time up to about 40 
percent of paraffin consumed, 

Upon graphing the values for the mass of paraffin 
consumed per hour against the amount of air con- 
sumed, (see Figure 3) a family of curves is obtained 
which is quite unique. 

One notices that the oxidation rate rises to a maxi- 
mum with an increase in quantity of air used, there- 
alter remaining fairly constant. Especially noticeable 
is the relationship at lower temperatures—neverthe- 
less, the shape of the curves are the same in the region 
of higher temperatures with increased air input. This 
becomes clearer from the results of Grin & Ulbrich’ 
by placing their values on similar coordinate paper. 

The least or optimum amount of air for any maxi- 
mum rate of oxidation is a logarithmic relationship 
when tied in with the various reaction temperatures. 
(See Table 2.) 








TABLE 2 
Temperature | Dr 
100°C Rie ain Dearie es See 
ED: <x ake hercoges pocsiy xancscueie Shed aE aS Nee 0.1 
120... 0.2 
1 re ee eee ee 
UR eee ce ccee ccs ceeceeeecsecennceseuneneened: | 99 
crete 0.8 
Sepia eeceiemeptaent Shaan eat bhey ononacte 16 








The values for 150° and 160° are extrapolated. The 
values are reliable in view of other work we have 


‘arried out. Since our raw material is a wide mixture 
many hydrocarbons, one cannot demand exact 
relations mathematically as in the case when oxidiz- 


ing one single hydrocarbon of known purity. Our 
problem was to purposely study the rates for a 
technical mixture, which data could be used in design- 
ing our commercial oxidizers. 

Liters | ‘ c.) 


g/hr ’ 


This equation is based on the actual experimental 
‘onditions as we have employed them—such as shape 
°f diffuser, the size of the reaction-vessel, type of 
“atalyst, etc. Nevertheless, similar equations do result 


lg D - 0,03 — 4.30( (1) 





also for values obtained under somewhat different 
experimental conditions, 

The last column in Table 1 shows the yield of fatty- 
acids based on the paraffin consumed, A comparison 
of these figures with the figures for optimum air- 
consumption shows that the yields are highest for 
those conditions where such air-consumption is an 
optimum—that is, the reaction-rate there is also 
highest; for instance, with a deficiency of air too 
large a quantity of low-boiling by-products appar- 
ently are formed, and with an excess considerable 
oxidized material is blown out of the oxidized residue, 

Upon close inspection one observes that the highest 
yields are obtained with a somewhat lesser amount 
of air than indicated in Table 2. (See Table 3.) 














TABLE 3 

Temperature Di 

PON Na oc. os ot hca, 4 v dubia v0 brik. 4,0 och a pvactdwranacatie a Manen B ee ie eae 0.025 
SR eee eee me were serine Cee ee is PE pet 8 gS 0.05 
NE ik a a a ne al ie ea a 0.10 
MO sic oo cide olay s 8-5 014 bres “ede aia We Stele nae NEUE oe eee 0.20 
Bis 5 ood oo Sabie sie oc sln bE DEIR CORE RS Gwe ears Eee ea eee 0.40 
ae ee OME ner y a Pe ie yy Mey. 0.80 
|. | Sin ne ene we nga Weree mmr Ferrers gare gE Good Sig I 1.60 











The first and last figures are extrapolated. Table 3 
data can be expressed by the equation 
lg Di = 0.03 t — 4.60 ( sae “< ) (2) 


Properties of the Fatty Acids 


The fatty acids as obtained by acidifying the 
sodium-soaps, and after petroleum-ether extraction 
were tested for acid number, saponification number, 
hydroxy number, percent unsaponifiable and percent 
petroleum-ether-insoluble oxy-acids. These tests were 
made in order to obtain a closer picture of the proper- 
ties of these acids. 

Without reviewing every individual datum, it is, 
however, evident that the air-consumption has been 
in data so far obtained of lesser import than the effect 
of temperature on oxidation rates. 

We have, therefore, taken the constants for the 
fatty acids and their corresponding temperatures of 
oxidation, and also tabulated those experiments that 
seem to follow equation 2 above most closely. (See 
Table 4). 
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TABLE 4 
Percent 
Temp.| Air-Flow Acid Sap’n | Ester |Hydroxy 

°C. ‘| Lit./g. Hrs. No. No. Value | Value Un- Oxy- 

sap’ble| Acids 
100 0.05 197.3 231.2 33.9 55.3 5.0 0.2 
110 0.05 188.5 228.7 40.2 51.9 5.4 La 
120 0.10 194.2 237.9 43.7 48.2 6.8 0.4 
130 0.50 187.5 238.0 50.5 57.9 7.6 0.2 
140 0.20 178.7 230.0 51.3 58.5 6.6 0.2 
150 1.00 163.9 209.7 46.8 75.5 12.8 0.6 
160 1.00 139.0 221.6 82.6 54.9 13.7 3.1 

















Hydroxy number and oxy-acid content remains 
practically constant; ester values increase rapidly— 
evidence that, despite equal rates of oxidation and 
holding to optimum air quantities more over-oxidized 
acids are formed with increasing temperatures. Note- 
worthy is also the definite increase in the petroleum- 
ether-insoluble unsaponifiables in the acids produced 
at 150°C and 160°C. From that we conclude that the 
reaction-mechanism is quite different at temperatures 
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TABLE 5 TABLE 6 

Temperature, °C. K Tower ( 
Dimensions | Charge Temp. Prete 

oe CREEL a ak Tee PEL ly tiss clk ORS s Gatisas CobS 0d apie Gees ot. Test No (cm.) (Kilos) Catalyst °C. =| (Acid No.) 

PTE Me Sg PRT eg 5c kok cod td v kw 4 bA% Wacom 2.48 BA RS 12x150 8 0.5% Mn. St.) 115 60 

4 a a ee aS Dh Scueuatatiblieseap/oince tare ane Go yt 2 SArathibensyie ones —— po 0.1% a St. 115 10 

ie ee ROA S 4 ails-n sale tain PRG ote w oe ea d-e G0 g's oe’ ak es Paes o's , Oe NONE 1 5 . St. 
ian a ce cat OURS ET mee Sek Sie Mia LL Es cis oid seed gus p wie’ 1.70 5 sdasrias <a be: 











over 140°C. This also becomes clearer when one de- 
termines temperature coefficients of oxidation. 


The Temperature-Coefficient of Oxidation 


To calculate this value we made use of the figures 
for the optimum air-quantities as shown in Table 2. 
We next determined the reaction rate for the cor- 
responding consumptions of air—in case no determi- 
nation was available; values of 1/D, were substituted 
for the individual reaction temperatures, and the 
former were graphed against values for 1% product 
per hr.; this practically straight-line function was 
used for interpolation or extrapolation. From values 
of oxidation-rates calculated and based on the opti- 
mum air-consumption as defined by equation 1, the 
temperature-coefficients can be obtained from Table 
5, showing values for K for each corresponding tem- 
perature. 

The temperature coefficient remains practically 
constant at 2.52 in the important temperature-range 
of 110°-140°C; above that range the value decreases 
appreciably. These data coincide with the conclusions 
based on the values of the constants in Table 4— 
namely, that the reaction over 140°C seems to take a 
different course than below this particular tempera- 
ture. 

Temperature coefficients determined by other in- 
vestigators working with aliphatic hydrocarbons can 
only be mentioned with reservation since their ex- 
perimental conditions were quite different from those 
used in our work, as well as the difference in the 
stock to be oxidized. Francis’ for instance, obtained 
a coefficient of 1.6 in oxidizing hard paraffin at 
temperatures between 100°-135°C; Arditti® obtains 
a value of 1.96 for the n-haxedecane for the tempera- 
ture range of 100°-152°C. 


Pilot Plant Oxidation 


In order to evaluate some of the data obtained so 
far we proceeded to apply laboratory conditions on 
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pilot-plant scale, and finally in commercial produc- 
tion. The same type of paraffinic raw material was 
oxidized with varying quantities of air. The apparatus 
erected consisted of aluminum columns heated elec- 
trically or with steam coils. We also provided water- 
cooling coils to hold down undue temperature rises 
apt to take place due to the larger size of the equip- 
ment. Temperatures were held within 1-2°C. The air- 
diffusers consisted of porous cylinders similar in 
porosity to our experimental fritted-glass plates, The 
conditions, etc., are shown in Table 6. 

The results are graphed in Figure 4. The amount 
per hour of fatty-acids formed was used as the index 
of “reaction-speed”. There is no marked difference 
between these results and our original laboratory ex- 
periments; at 115°C, 0.07 liters per gram per hour 
appears to be the optimum air-consumption for both 
apparatuses, and is in good agreement with equa- 
tion 2. 

One can therefore assume similar and even closer 
agreement with large scale commercial equipment. 
It is quite possible that even less air consumption 
would be needed in commercial operations. 


Summary 


A Fischer-Tropsch paraffinic pasty wax has been 
oxidized, as an example, in the liquid-phase oxidation 
of aliphatic hydrocarbons. The raw stock was blown 
to an acid number of 50 with air quantities of from 
0.05—1 liter per gram per hour at 100-160°C in order 
to first determine optimum quantity of air necessary 
under these conditions. 

For any one temperature the rate of oxidation in- 
creases with increase in air-flow up to a limiting 
value, and thereafter remains constant. The optimum 
air consumption values (for a specific temperature 
employed) are related logarithmically to the tem- 
perature as follows: 


lg Dp =a Xt—b 
where: 


D; = air-flow or liters/gram per hour, 
t= °C; (a) and (b) are constants. 


The value of (a) is 0.03; (b) = 4.3, for optimum speed of 
oxidation; 
(b) = 4.6 for maximum yield of acids. 


The temperature coefficient as calculated from the 
data is constant at 2.52 from 110°-140°C; above 
140°C the value decreases to 1.70-1.80. 

Closer agreement in all the constants and results 
were obtained using pilot-plant and semi- commercial 
equipment. 
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Tee automotive industry has no new 
motor or complete car on its drawing 
hoards, ready for production at the end 
of the war, which will develop such 
efficiencies as to have a bearing on the 
consumption of petroleum, Alfred P. 
Sloane, chairman of the Board of Gen- 
eral Motors Corporation, told the writer 
in New York last week. 

As a matter of fact the automotive in- 
dustry has been so busy in war work 
that there is no question as to what 
kind of automobile will be produced 
during the year or so after peace with 
Germany, Sloane said, reiterating state- 
ments of this nature he has made be- 
fore. The 1942 model will be the model 
which will be made for some time after 
the close of the war. 


Three Years Before New Cars 


But within three years after the war 
with Germany it is probable that, 
through redesigning to take full advan- 
tage of 100-octane motor fuel, a car will 
be in production which will develop on 
the average 20 percent more mileage 
per gallon of fuel consumed, as com- 
pared with present day cars. 


Normally it would require seven or 
tight years for existing automobiles to 
be converted to the new contemplated 
efficiencies, he said, but added that the 
virtual cessation of sales during war- 
time may affect the length of time nec- 
essary to convert the country to the new 
models. He said that it was his opin- 
ion that the public might want 50 per- 
cent more cars during immediate post- 
war days than the automobile industry 
could supply, and remarked that he be- 
lieved that the public would have the 
money with which to buy them. 


Auto Engineers at War 


q He emphasized that automobile manu- 
lacturers have gone to war not only 
with their full manufacturing facilities, 
but with their engineering staffs as well, 
and said that other than some thinking, 
and some sketching (the expression is 


an in the way of “facelifting” the 
42 models, no work whatever has 
been done. 


And as things now stand we still 
‘aot do any post-war work in the 
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Super Fuels Will Increase 
Post-War Car Mileage 


RAY L. DUDLEY, Publisher 


way of engineering, because of the man- 
power situation,” he «declared. 

Such thinking as has been done (and 
we suspect that it would be a pretty 
hard thing for automotive engineers to 
get out of the habit of projecting their 
thoughts into the future), has been 
along the lines of utilizing the higher- 
octane fuels which will be available 
after the war. 


Long Slow Job 


“After an engine is developed into a 
satisfactory design, it takes at least a 
year to get it into production,” he said. 
“For instance, if we had an engine in 
this room right now, perfectly validated, 
it would take a year to start produc- 
ing it. 

“If you redesigned the present engine 
to use 100-octane fuel it involves the 
entire design—better bearings, for in- 
stance, a move from side valve to over- 
head valves to get higher compression. 
Such redesigning will take considerable 
time and further time would be con- 
sumed in testing the development prop- 
erly. Involved, too, would be the entire 
chassis design.” 

Sloane said that just to re-tool Gen- 
eral Motors plant would require the 
expenditure of $75,000,000, not includ- 
ing such machinery as may be needed. 

“And on this post-war car (not to be 
confused with the automobile we shall 
be selling immediately after the war) 
we have done practically no engineer- 
ing,” he added. 

The car of new design which may be 
expected to come in post-war days and 





D YNAFUEL, a super aviation fuel con- 
centrate has been announced by J. 
Howard Pew, president of Sun Oil Com- 
pany. The new fuel is made entirely 
from petroleum and is specially proc- 
essed, according to the announcement. 

It was stated that this super fuel 
concentrate is 50 percent more powerful 
than United States standard 100-octane 
test gasoline. Dynafuel is never used 
undiluted, but is blended with gasoline 
produced by other methods in order to 
step up their quality as aviation fuel. 
Thus the new development makes pos- 
sible the production of greater quanti- 
ties of aviation fuel made to highest 
military specifications. 














which is here termed the post-war car— 
will secure its increased efficiency 
through: 

1. Improved design of the motor to 
use higher-octane fuels, ranging up to 
and possibly above 100-octane; 

2. Lighter weight of the car. This 
lighter car weight will be achieved 
through the more extensive use of the 
lighter metals already in use. Sloane 
thinks that the weight of the car of the 
future can be reduced by 15 percent. 

Automatic transmission, on which 
considerable development has_ taken 
place for the government in connection 
with tanks, will eventually be a “must” 
on all cars, Sloane says, but thinks that 
it will be some time before automatic 
transmission will be put on the lower 
price cars. It is possible, he thinks, 
that automatic transmission may mean 
a reduction in fuel consumption of 3 to 
5 percent. 


Evolution—Not Revolution 

The statement of Sloane that such im- 
provements as may be expected in in- 
creasing the mileage efficiency of auto- 
mobiles yet have to be designed, and 
that it is not contemplated at this time 
that they will be a great deal more than 
evolutionary, as opposed to revolution- 
ary, is of the deepest interest to the oil 
industry and to the public in view of the 
prospects for decreased domestic crude 
oil production. There had been reports 
that engines were “on the boards” which 
would mean a 100 percent increase in 
mileage per gallon of fuel consumed. 
Obviously, such reports are not borne 
out by the facts. A twenty-percent in- 
crease in efficiency, which involves only 
cars using the higher-octane fuels, prac- 
tically means that it will be a long, long 
time before the domestic demand for 
lower-octane, or ordinary pre-war-octane 
motor fuels, will be drastically reduced. 
His statement is particularly interesting 
to companies owning the new high-oc- 
tane gasoline plants, because it indicates 
not only a market for such products 
but a trend which probably will affect 
all refining. In other words, the trend 
definitely continues toward higher-com- 
pression motors in automobiles, and to- 
wards higher-octane motor fuels. 
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JOHN D. GILL, The Atlantic Refining Company 
Before Texas Mid-Continent Oil and Gas Association, October 13, 1943 


{= unsolved general crude oil and pe- 
troleum products price problem of 1942-43, 
and maybe also 1944, establishes the incom- 
patibility of economics and politics, the 
classical use of the term “political econo- 
my” notwithstanding. 


If all of our country’s economic problems 
were to be handled by the government the 
way the crude price problem has been han- 
dled, the economic progress of the country 
would slow down to a state of putrid stag- 
nation. The record is now clear that major 
economic matters, which are inherently 
complicated, cannot be administered arbi- 
trarily, dictatorially, capriciously, through 
orders and directives without serious im- 
pedance to progress, and indeed even loss 
of production. Nor should we allow our 
minds to be confused on this issue by the 
prodigious growth of production of certain 
classes of goods during the war. 


It is one thing for the government to 
bring about an expansion of production by 
placing vast orders for war goods for free 
enterprisers to fill. It is quite another thing 
to operate an entire industry, like the 
petroleum industry, subject as it and other 
industries are to the immutable laws of 
economics. I know that the would-be con- 
trollers of our economy will scoff at the 
term “immutable laws of economics,” but 
for my part I am willing to stand by the 
term for the sufficient reason that the laws 
of economics are immutable to the extent 
that human nature is immutable. If fascists 
would change one, they must also change 
the other. We have a pretty good test of 
governmental control of economic activi- 
ties, and can find little virtue in that con- 
trol. 


The government’s failure to approve the 
recommendation of the Petroleum Admin- 
istrator for War for a general increase in 
the prices of crude oils and products as 
petitioned by the Petroleum Industry War 
Council in a resolution passed unanimously 
on February 3 of this year may prove to 
be the most significant economic fact of 
the current war period. 


For many months the need for stimu- 
lating the search for crude oil in the Unit- 
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ed States has been evident to students of 
the industry. The importance of oil to the 
winning of the war was so great that it 
was natural to assume that the govern- 
mental authorities having jurisdiction 
would take the initiative and provide the 
time-tested stimulant, namely, appropriate 
prices for crude oils and petroleum prod- 
ucts. The industry itself was slow to act 
in this direction, no doubt because of a 
desire to avoid what might seem like self- 
seeking in a time when intense patriotic 
fervor must be implemented by sacrifice. 
Finally, however, the Petroleum Industry 
War Council ordered a study of the entire 
situation. Its study group, composed of 
long-experienced and competent specialists 
who had attained high executive rank sub- 
mitted a comprehensive report on the third 
of February, 1943. The report dealt with 
all of the pertinent historical facts. It 
showed the increasing trend of costs, the 
decreasing trend of discoveries of crude 
petroleum, and, so far as possible, the fore- 
casted trends of demand and supply. The 
data indicated an impending shortage of 
supply. In a summary statement to the 
War Council the committee unanimously 
recommended an immediate general in- 
crease in the present price ceilings on 
crude petroleum of 25 cents per barrel, 
which, considered in the light of subsequent 
events, was a conservative recommenda- 
tion. It also recommended increases in the 
prices of products commensurate with the 
increase in crude oil. 


Its recommendation was the basis for a 
resolution passed unanimously by the Pe- 
troleum Industry War Council on the 
same day, requesting the Petroleum Ad- 
ministrator for War to give his earliest 
possible attention to the facts and con- 
clusions of the report to the end that the 
recommendations contained therein should 
be made effective. The case made by the 
Petroleum Industry War Council commit- 
tee was well documented and so strong that 
after five weeks of study, specifically on 
the seventh of April, the Petroleum Ad- 
ministrator for War recommended to the 
Price Administrator a general increase in 
crude oil prices of 35 cents per barrel, or 





10 cents higher than the recommendation 
of the committee. The Petroleum Admin. 
istrator’s recommendation was categori- 
cally denied by the Price Administrator 
on May 1. About six weeks later (Jun 
10) the Petroleum Administrator again 
asked the Price Administrator for fayor- 
able action on his recommendation. Many 
weeks later, August 7, the Price Admin- 
istrator wrote a second denial. 

In the meantime, April 8, the chief mag 
istrate of the nation issued an executivd 
order, which has become known far ani 
wide as the “hold-the-line” order. It will 
be referred to hereafter as the admi 
tration’s magnificent obsession. The impli 
cations of its enforcement are far reaching 
We may see in the days to come that 
attainment of a high order of success i 
“holding the line” may be considered by 
the administration as its greatest achieve 
ment during the war. The reason for thi 
statement should he understood. If the aé- 
ministration can control the price level # 
times of war; if it can even roll price 
back against terrific upward pressures, the 
it has demonstrated that it can control 
a peacetime economy, 

But while the modffof the Petroleum 
Administrator for War was closed bya 
other executive order prohibiting publics 
pressions in refutation of the position take! 
by the Price Administrator, while the latte 
freely used the press, the Petroleum Admin 
trator was not prevented from carrying tht 
discussion beyond the Office of Price A 
ministration to the Office of Economit 
Stabilization. The reason this action had 
to be taken was, curiously enough, si 
cinctly expressed in the interim report 0 
the Petroleum Subcommittee of the Cot 
mittee on Naval Affairs when it said: 

“At a recent hearing of the sub 
committee representatives of the ol 
fices of the Petroleums Administ 
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any special problems. Our technical advice is yours 
for the asking—without obligation. Address our 
Executive Offices. 


REVERE 


COPPER AND BRASS INCORPORATED 
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REVERE is glad at all times to work with 
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agencies used the same facts and 
figures, but arrived at diametrically 
opposite conclusions.” 

Now the reasons for reaching diametri- 
cally opposite conclusions are important. 
There are at least two very important rea- 
sons. The more important of the two ap- 
pears to be the opposition of the Price 
Administrator to any change which would 
diminish the rigorousness of enforcement 
of the hold-the-line policy. It is note- 
worthy, however, that his opposition on 
this ground is ill-founded in view of the 
industry’s disclosure that an increase of 
35 cents per barrel in the price of crude oil 
and an equivalent increase in the price of 
products amounting to approximately 
eighty-five hundredths of a cent per gal- 
lon would affect the cost of living index 
to the extent of less than six hundredths 
of one percent. Such opposition to change 
is arbitrary, whimsical, capricious, and un- 
economic under any circumstances, but is 
especially culpable at a time when the need 
for petroleum with which to fight the war 
to a quick conclusion and provide for civil- 
ian requirements makes it highly desirable 
to remove every factor tending to create 
shortage in supply. 

The second reason for diametrically op- 
posed conclusions of the government agen- 
cies is of a technical sort, generally not 
well understood. It concerns the funda- 
mental facts of petroleum economics, with 
special reference to the time factor. The 
Office of Price Administration has seemed 
willing to look only at historical facts: 
past costs in relation to past prices. It has 
ignored the important fact of the lag be- 
tween the initiation of exploratory effort 
and fruitfulness therefrom. On the other 
hand, the Petroleum Administrator has aptly 
considered the unique character of the pe- 
troleum resource and sensed the full sig- 
nificance of the fact, clear to all students 
of the subject, that a declining rate of 
discovery indicated an increasing trend of 
costs which must be met by an increasing 
trend of prices if the declining trend of 
discovery was to be reversed. The problem 
is one of relativity which can be under- 
stood only by minds willingly open to the 
implications for the future of historical 
facts. The Office of Price Administration 
was not only unwilling to count chickens 
before they were hatched; it has been un- 
willing to provide the hens to lay the eggs 
from which the chickens might be hatched. 

Was ever a case more fully documented 
than the industry’s case for a crude price 
increase! But the better it has been sup- 
ported by factual data and plausible projec- 

“tions into the future, the more arbitrarily it 
has been resisted. There has been no fair 
and final judge of the merits of the cases 
of the contestants, namely, the Petroleum 
Administration for War and the Office of 
Price Administration. The latter contest- 
ant, indeed, is also judge. That one thus 
far says “No.” Even now that the matter 
is in the hands of the Office of Economic 
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Stabilization, there is no clue to a decision 
even in the questions the Stabilizer asks 
when seeking additional information, To 
use a military term, this perhaps is in the 
nature of a delaying action. 

Delaying action, and disregard of other 
high authority, are not unusual. For ex- 
ample, this same office rendered a nega- 
tive decision on an increase in wages 
which had been awarded by the War Labor 
Board upon joint recommendation of the 
affected industry, of labor, and of officials 
of the War Production Board. The refer- 
ence here is to the refusal to approve in- 
creasing the minimum wage rates from 40 
cents to 50 cents an hour for piece workers 
in the work glove industry. In ordinary 
times it would have been supposed that 
the Labor Board, the members of the in- 
dustry and the labor therein would have 
been quite well supplied with the necessary 
facts at the time they formulated their 
unanimous conclusions. According to re- 
ports available at this time no reason was 
given for the Stabilizer’s negative deci- 
sion, although it was accompanied by a 
request for additional information. Under 
such conditions as these how could the 
petroleum industry expect prompt favor- 
able action on its petition even though well 
documented and supported by one govern- 
mental agency. 

The importance of this matter to the 
members can hardly be exaggerated. It is 
important to all regardless of function or 
size, and particularly to those operators 
who have long carried the indefinite but 
inspiring title of independent producers. 
What these independent producers have 
done for the economy of the United States 
in the last 80 years will never be adequately 
told. The use of petroleum has contributed 
greatly to the rapid advance of the econo- 
my of the United States, and it has been 
the fearless free enterprising spirit of the 
independent producers which has made it 
possible for this great industry to grow. In 
the days when geologic and geophysical 
science were non-existent, or of small pro- 
portions, the independent producers includ- 
ed in their members men who practiced the 
art of petroleum exploration and discov- 
ery. Even now in a day which we con- 
sider characterized by the advance of sci- 
ence, the art of crude petroleum explora- 
tion is of an importance to be conjured 
with. Sometimes the view is expressed that 
the independent producer has been passing 
out of the great petroleum picture. But 
this is not the fact. The fact is that even 
over the recent decade, from 1932 to 1941, 
when the production of the entire United 
States increased from 785 million barrels 
to the all-time peak of 1402 million barrels, 
the output position of the smaller corpor- 
ate, partnership and invdividual producers 
held its own. Nor must we ever forget 
Mr. Joiner’s work in the East Texas area, 
nor the probability that many billions of 
barrels of oil are still to be found in 
stratigraphic traps, ever the quarry of the 


intrepid and intuitive independent operato; 
For the best service to the public the jn. 
dustry needs to employ the science of ex. 
ploration, but at the same time it cannot 
get on well without the art of exploration, 

I shall not tax you with lengthy statistics 
of price comparisons to prove that the 
price of crude oil has lagged behind the 
prices of virtually all other important com. 
modities in the upswing since the begin. 
ning of the present great war. But I must 
call your attention to the fact that as of 
the end of September the average price of 
crude oil at the well in the United States 
was less than 1 percent above the average 
for the year 1937, while the prices of all 
commodities at wholesale, according to the 
Bureau of Labor Statistics, was more than 
19 percent above the average level for all 
commodities in 1937. This comparison of 
itself does not offer indisputable evidence 
for the need of a crude oil price adjust- 
ment, because after all, as the Office of 
Price Administration now openly states, 
prices must be related to profits through 
costs. But costs of producing oil have 
risen, as shown by the government’s own 
data and by that of other agencies, by a 
substantial increment, while prices have re- 
mained virtually stationary. 

Now “profits, as reported,” have evi- 
denced a stability and magnitude which ap- 
pear to have created the complacency which 
the Office of Price Administration exhibits 
when discussing its negative decision on 
the industry’s petition. This is a matter 
which requires close examination. Here 
again, in the judgment of the speaker, the 
dynamics of the situation should be ex- 
amined and given more weight than the 
statistics. As a matter of fact, as a result 
of the decline in drilling activity, the 
profits of many reporting units have been 
fictitious—inflated by the absence from the 
cost side of the profit and loss statement 
of the usual substantial charges for dry 
holes and for certain other temporarily 
discontinued operations. And all the while 
that the oil industry’s prices are restrained 
below levels which would provide it with 
funds needed to accelerate its exploratory 
campaign, persons from other industries 
like the aircraft industry, which have been 
favored by high war-contract incomes, have 
preferred to expend at least a part ol 
their gross income in the speculative busi 
ness of looking for oil, rather than pay tt 
through income taxes, into the Treasury of 
the United States. 

Were it not for the current unsatisfac- 
tory character of “profits as reported,” pro 
ducers might take comfort in the fact that 
with existing prices they might be able to 
recover the value of past investments 
though at a somewhat slower rate than 
normal because of the lack of price com 
pensation with which to offset the increase 
operating expenses to which I have 
ferred. But little satisfaction can be gained 
from considering the matter from this 
point of view. In the first place producers 
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‘| PENBERTHY INJECTOR CO. 


lucers DETROIT, MICHIGAN @ Canadian Plant: Windsor, Ontario 
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FOR EVERY GAGE REQUIREMENT 


Whatever your liquid level gage requirements, there is a 
Penberthy Gage that will meet your needs. These gages are 
suitable for the various pressure and temperature conditions 
of the oil industry. All Penberthy Gages conform with 
A.P.1.-A.S.M.E. requirements. 


PENBERTHY 


Transparent 
DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Used to observe color and den- 
sity of liquids under high pres- 
sures, and/or temperatures. 
Construction is exceptionally 
rugged ... . similar to Reflex 
types. 
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Write for a copy of Catalog 34-A. 


PENBERTHY IZ flex 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Liquid shows black — empty 
space shows white. Preferred 
wherever liquid level must be 
easily and positively visible 
...and when liquids are un- 
der high pressure or at high 
temperature. 


PENBERTHY KR flex 


WATER GAGE SET 


Water shows black — steam 
shows white. U - Bolt construc- 
tion is strongest and simplest 
to service. Glass replaced by 
simply removing nuts on face of 
gage ... unnecessary to work 
between gage and boiler. 









AIRED 
PRODUCTS 
hows Y 


may be called upon, though with what un- 
fairness should be shouted from the house- 
tops, to exceed the maximum efficient rate 
of production of their properties with con- 
sequent loss of reserves and without present 
hope of compensation therefor. If they 
attempt to avoid the loss of reserves by 
preventing production from exceeding the 
maximum efficient rate, while striving to 
supply additional new oil, they then incur the 
new higher costs of exploration and de- 
velopment without adequate compensation 
in the form of higher prices. And if, as 
they have every right to do, they maintain 
production at no more than the maximum 
efficient rate, they find themselves in that 
unwholesome retrogressive state designated 
as a liquidation of the business. 

Here, if ever, are the horns of a dilemma 
which has taxed the minds of producers of 
all sizes in all areas. From the very begin- 
ning of the discussion of this perplexing 
question certain government officials op- 
posed to favorable consideration of the oil 
man’s petition have exhibited a cock-sure- 
ness not warranted by the implications of 
the developing situation. On the one hand 
it is admitted that currently vast quantities 
of petroleum are needed to fight the enemy. 
On the other hand there is no inclination 
to provide any margin of safety of supply. 
Can it be that an early termination of the 
war is expected, which would put an end 
to the threat of a shortage of petroleum? 
Moreover, a new argument is now ad- 
vanced to support the contention that an 
increase in the price of crude oil will not 
be needed in order to avoid an impending 
shortage, namely, increased control of the 
submarine; and increased availability of 
tankers. Larger quantities of foreign oil, 
it is said, could supply a considerable part 
of the total demand, thus easing the pres- 
sure on the American supply. This subject 
merits more than passing consideration, 
because a large segment of the public has 
been convinced that too much United States 
oil and too little of the oil controlled by 
our Allies has been employed thus far in 
fighting the war. The citizens in this seg- 
ment are sympathetic to any move which 
would bring about the greater use of alleg- 
edly cheap foreign oil. An afternoon could 
well be spent in a discussion of this aspect of 
the matter. The subject might be termed 
“international competition.” Attention 
should be given to the existing tariff on 
importations of petroleum and its products 
into the United States. The reason why 
American producers must be protected and 
other phases of this subject might be dis- 
cussed with profit. A conclusion might be 
reached that American producers should 
seek to effect such changes in costs as to 
permit them to operate competitively. 


Now it may be that the present empha- 
sis on the use of foreign oil is directed 
solely to the rigorous administration of 
the hold-the-line policy. It may be that it 
is an unwholesome application of the prob- 
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ably unsound concept that the American 
petroleum reserve is nearing exhaustion. 
Or it may be that it is part of the admin- 
istration’s attempt to impose upon industry 
such regulations and directives as to com- 
pel it by meeting hard conditions to become 
internally more efficient. However that 
may be, it is difficult to fathom the reasons 
for ail of the regulations and directives. 
Indeed there may not be very good reasons 
for some of them, at least good reasons 
in the sense that they are consistent with 
other regulations and directives and bene- 
ficial to the economy as a whole. And this 
fact brings us down to the subject men- 
tioned at the outset, namely, that the denial 
of the industry’s petition for a crude price 
increase may be the most significant eco- 
nomic fact of the war. 

The subject of the crude price increase 
has been before the government for many 
months. It has, so to speak, been pushed 
about from pillar to post. The need for a 
crude price increase was denied categori- 
cally by the Office of Price Administration 
even before that agency had the benefit 
of the industry’s and PAW’s studies. Un- 
doubtedly the hold-the-line order has 
greatly stiffened the resistance of the price 
control authorities to a general petroleum 
price increase. However, the price of crude 
oil is a very small fraction of the price 
the public pays for petroleum products. As 
a matter of fact the recommended price 
increase is only about 7 percent of the 
total average price of products. But it has 
been impossible to get official Washington 
to approve this 7 percent. Where have we 
failed to prove our case? The fact is we 
have not failed. The failure is the Govern- 
ment’s. In its consideration of our petition, 
it has failed to serve the master called 
“supply” and has chosen to serve its mag- 
nificent obsession called “hold - the - line.” 
Unfortunately throughout the discussion 
little consideration has been given to the 
relation between price and supply, though 
the industry’s briefs contain ample support 
for its affirmation that higher prices would 
bring greater supply. 

Out of all the welter of discussion comes 
a set of facts that may have more signifi- 
cance for all of you in the long run than 
a price increase would have in the near 
term. I mean just this: in the handling of 
the oil situation, official Washington has 
demonstrated the difficulty, nay, the impos- 
sibility, of effecting a thorough going pro- 
gressive control of the economy. It has 
repeatedly proven that it takes many 
months to make a decision that the auto- 
matically operating economy would make 
smoothly in short order. 

I want to give you one additional sig- 
nificant illustration of the inability to gauge 
the power of initiative inherent in our 
economy. About two years ago we were 
told by official Washington that the civilian 
population should expect to suffer a sub- 
sistence level of living in 1943, a level 
such as existed during the depths of the 


last great depression. It was to be measureg 
by 49 billion dollars of expenditures for 
civilian goods. Actually, according to the 
Department of Commerce, the lev! of ex. 
penditures of the civilian population jp 
1943 will approximate 92 billion dollars, 
Even when this larger figure is reduced 
to adjust for increases in the prices of 
goods, there will be in 1943 an expenditure 
of consumers goods of over 76 billion dol- 
lars or 27 billion dollars more than the 
government experts figured it would be. 
That is, the actual consumption wiil be 
more than 55 percent greater than the 
forecasted consumption. And this, despite 
an enormous increase in the production of 
war goods. 
Must Fight 


And now I come to a final brief state- 
ment which is my main contribution. It js 
the suggestion that the real fight for a 
return to economic freedom has yet to be 
fought. In the forthcoming contests, the 
individual is likely to feel a sense of im- 
potence in the face of powerful federal 
bureaucracy. He may even become in- 
veigled into an acquiescence to proposals 
for such uneconomic mechanisms as sub- 
sidies, despite the fact that in moments of 
reflection he may realize that subsidies 
pave the way to an increasing fascist con- 
trol over our productive and distributive 
affairs. 

This feeling of individual impotence is, 
of course, one of the reasons for the vig- 
orous existence of a great trade association 
like the one under whose auspices this 
meeting is held. In our business the con- 
tinued control of our activities by govern- 
ment after the war must inevitably precipi- 
tate grave difficulties, more especially in 
the absence of big discoveries of crude oil 
with which to satisfy the public need. 
Nothing would more quickly place us ina 
governmental straight jacket than aggra- 
vated shortage of supply. Foresee also the 
public ill-will to be heaped upon our indus- 
try when under conditions of shortage, the 
price of petroleum must of necessity in- 
crease at a time when the prices of other 
commodities may be falling from war in- 
flated levels. Here alone is an ample reason 
for an increase in the price of crude oil 
in the present in order that the public 
might be saved from a larger increase 
the future. Our fight may well take the 
form of education. First of ourselves, then 
of the government personnel, if they wil 
be educated, and of the public. 


I am persuaded that the people generally § 


do not see clearly the progress which is 
dependent upon the free functioning of the 
competitive system. We may lose in the 
present fight to obtain governmental recog- 
nition of the implications of the trends of 
important price factors in our business 
But if we fight and win this larger battle 
our suffering in the present may be 
indeed when compared to the gain for the 
future. 
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HOW TUBE-TURN 
WELDING FITTINGS 


See) 
mit, 8. 
RAN Pate 





Save from 50% to 75% time by pre-assembling difficult piping 
sections like this in the shop. Tube-Turn fittings are ready to 
use. They simplify lining-up, require only easy, circumfer- 
ential butt welds. This insures faster, better and safer welding 
by either veteran or novice welders—a real war production help, 








Note how the welded connection virtually forms a continuous 
tube without joints—insures permanently leakproof, trouble-free 
‘onnections that last as long as the pipe itself! Such mainte- 
nance headaches as leaks, gasket changes, bolt tightening, caulk- 
ing, threading, and difficult insulatings are totally eliminated. 


TUBE TURNS (INC.) Louisville, Ky. Branch offices: New York, Chicago, Philadelphia, ———_ 
Cleveland, Dayton, Washington, D. C., Houston, San Francisco, Seattle. Distributors in principal cities. 


iff. 








(27 Mg) F. 
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conserve materials 


Look at the weight saved by using an 8” Tube-Turn elbow 
instead of a heavy 8” cast iron flanged ell with companion 
flanges, studs and nuts. Multiply this saving by the many 
fittings in any piping system and it’s easy to see how Tube 
Turn fittings save tons of weight, metal and critical materials. 


























eamline systems—save space 


Contrast the space saved in these compound turns by using 
Tube-Turn elbows instead of flanges. Tube-Turn fittings require 
less space, permit streamlined, compact layouts and neater, more 
efficient piping. Elbows can be cut to any odd angle. Saving 
space is important in most industries, is vital in shipbuilding! 
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U.S.P. 2,270,058. Refining of Minerval 
Oils. M. C. K. Jones to Standard Oil 
Development Company. 

Undesirable sulfur compounds are 
substantially removed from mineral oils 
by contacting them with a solid mate- 
rial selected from the class of alkali 
metal aluminum silicates of the zeolite 
type. Pressures above 75 pounds and 
preferably above 350 pounds are applied 
and the temperature should be above 
600° F., preferably in the range of 810 
to 840° F., but below a temperature at 
which cracking would occur. Feed rates 
are at a space velocity of 0.5 to 2.0. The 
desulfurization agent may be employed 
in the natural state but should prefer- 
ably be pretreated by heating to 800 to 
900° F. at atmospheric pressure. 


U.S.P. 2,270,248. Treatment of Hydro- 
carbon Distillates. W. L. Benedict and 
Ch. G. Dryer to Universal Oil Prod- 
ucts Company. 

Certain disadvantages of copper treat- 
ing, such as the formation of soluble 
copper compounds and tar are overcome 
by pretreating the sour hydrocarbon dis- 
tillate with an aqueous hydrogen halide 
solution in a concentration of 0.5 to 10 
percent and preferably of 1.0 to 5.0 per- 
cent. The selection of a suitable acid is 
dependent on the copper salt used. HCl 
is used for CuCh, HBr for CuBrz. The 
solution and the distillate are separated, 
the distillate is treated with a sweeten- 
ing agent containing combined copper 
and a combined halogen in the presence 
of air or oxygen containing gas. Finally 
the distillate is treated with a secondary 
reagent such as ZnSO, to remove dis- 
solved copper compounds. 


U.S.P. 2,270,322. Process for Sweetening 
Hydrocarbon Distillate. C. D. Lowry, 
Jr., to Universal Oil Products Com- 
pany. 

The invention relates to improvements 
of the doctor process overcoming the 
need for excessive quantities of elemental 
sulfur and the formation of alkyl- 
polysulfides. Sour gasoline is contacted 
with an alkaline plumbite solution and 
the mercaptans are converted into lead 
mercaptides. The gasoline is separated 
and blended with a further portion of 
sour gasoline, adding sufficient sulfur 
to decompose the lead mercaptides, 
washing with water, separating the 
sweet gasoline, recovering the lead sul- 
fide from the aqueous layer, combining 
the lead sulfide with the residual 
plumbite solution used in the initial step 
and regenerating the mixture. The ratio 
of mercaptan containing distillate to ad- 
ditional sour distillate lies within the 
limits of approximately 30:70 and 70:30. 


U.S.P. 2,272,594. Refining of Oil. R. O. 
Bender to Sinclair Refining Company. 
A method of removing undesirable 

sulfur compounds from a petroleum dis- 

tillate is claimed which comprises in- 
corporating in the distillate an amount 
of elemental sulfur not exceeding the 
amount of elemental sulfur required to 
combine with said sulfur compounds 
but sufficient to combine with most of 
the sulfur compounds. An alkaline com- 
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pound in an amount sufficient to render 
and maintain the distillate alkaline and 
finely dispersed oxygen are added and 
the alkaline distillate, containing ele- 
mental sulfur and oxygen is passed in 
intimate contact over a lead sulfide 
catalyst in the absence of undispersed 
water and in the presence of not more 
than a small amount of finely dispersed 
water. 


U.S.P.’s 2.272,595 and 2,272,596. Refining 
of Oil. R. O. Bender to Sinclair Re- 
fining Company. 

These patents are similar to U.S.P. 
2,272,594 but the process is carried out 
in the absence of free oxygen or in the 
absence of both, free oxygen and mois- 
ture. 


U.S.P. 2,273,263. Sweetening Petroleum 
Oils. J. Happel, Jr., and D. W. Robert- 
son to Socony-Vacuum Oil Company. 
The invention has for its object the 

provision of a method for the sweetening 

of oils under controlled conditions in the 
absence of aqueous alkaline sweetening 


agents. Main reagent products are 
utilized which are entirely oil-soluble 
and may be added in precisely con- 


trolled proportions. Mercaptans are con- 
verted to disulfides by treating the sour 
oil with controlled amounts of oil solu- 
tions of lead soaps and sulfur followed 
by settling and removal of the lead sul- 
fide and by removal of the acid as for 
example by use of lead naphthanate. 
Normal atmospheric temperature is 
used. The amount of lead used should 
be from about 20 percent to about 65 
percent of that theoretically required for 
double decomposition with the mercap- 
tans present. 


U.S.P. 2,273,297. Sulphur Absorbent and 
Method of Regenerating. A. Szayana 
to A. C. Travis. C.A. 36, 4327. 

A regenerated sulfur-absorbing mass 
is used for desulfurizing hydrocarbon 
vapors at temperatures above 700° F. in 
the presence of hydrogen which com- 
prises a porous inert refractory carrier 
material, metallic nickel, cobalt or iron, 
at least a part of which is present as free 
metal distributed on the surfaces of the 
carrier in an extended surface condition 
which makes it highly reactive with 
sulfur compounds and which would in 
the absence of sulfur make it highly 
active as a catalyst for hydrogenation 
and dehydrogenation of hydrocarbons 
into elements at temperatures above 700° 
F.; and sulfur present in all parts of the 
mass in amounts greater than 0.5 per- 
cent based on the weight of the metal, 
whereby to reduce substantially the hy- 
drogenating action and the capacity for 
the catalytic decomposition of hydro- 
carbons at temperatures above 700° F., 
but the total amount of such sulfur 
being substantially less than sufficient 
to exhaust the sulfur-absorbing capacity 
of the mass, and the surface of the 
metal being free of carbon and organic 
deposits. 

U.S.P. 2,273,298. Treatment of Hydro- 
carbons. A. Szayana to Albert Chester 


Travis. 
Hydrocarbons are heated to a crack- 
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ing temperature and the vapors are ad. 
mixed with 1 to 5 percent by weight of 
hydrogen and passed through a contaet 
material comprising a metal of the 
group consisting of iron, nickel, cobalt 
and copper. These materials absorb the 
sulfur compounds from the oil and are 
regularly regenerated, retaining a minor 
proportion of sulfur in combination with 
the metal. 


U.S.P. 2,276,526. Process for Refining 
Hydrocarbon Oils. G. H. von Fuchs 
and H. H. Zuidema to Shell Deyelop- 
ment Company. 

Hydrocarbon oils such as lubricating 
and electrical oils free from asphalt, but 
containing sulfur in the form of mer- 
captan sulfur are heated with at least 
one mol of cuprous oxide per mol of 
mercaptan in the liquid state at a tem- 
perature of 400 to 700° F. under non- 
oxidizing conditions. Mercaptan sulfur 
is converted to cuprous sulfide and con- 
version to disulfides is prevented. 


U.S.P. 2,291,276. Treatment of Hydro. 
carbon Distillates. W. L. Benedict to 
Universal Oil Products Company. 
Cracked gasoline is treated with rela- 

tively strong HCl, the gasoline is sepa- 

rated and contacted in a primary treat- 
ing step with a partially used powdered 
reagent from a later step. The reager 
contains zinc or an oxide of zinc as oné 
major treating component. The gasoliné 
is separated and contacted with fresh 
powdered treating reagent in a second 
step. The treated gasoline is removed 
and the partially spent reagent and high: 
boiling bottoms returned to the fits 
treating step. The spent reagent is re 
generated by treating with a volatile 
alkaline reagent such as NH; or NH,OH 
followed by burning in the presence of 
air. A 25 to 40 percent solution of HQ 
is used at atmospheric temperature. Thé 
treatment is carried out in the liquid 
phase at 100 to 500 pounds pressure 
and a temperature of 250 to 400° F. and 
preferably 300° F. 


U.S.P. 2,278,498. Removal of Sulphu: 
from Organic Substances. B. H. Shoe- 
maker to Standard Oil Company (In- 
diana). 
The material from which it is desired 

to remove sulfur is treated with a hy- 

drocarbon substituted ammonium stl- 
fur compound which is capable of form- 

ing a hydrocarbon substituted a 

monium thio sulfate when reacted with 

the constituent to be removed. It 15 

preferable to employ aminés which art 

water insoluble. 


U.S.P. 2,278,753. Treatment of Petroleum 
and Distillates Thereof. Ch. Wirth to 
Universal Oil Products Company. 
The invention is concerned with an 

improved method of removing sulfur 


from gasolines which have been sweet 
is elim 


































ened. So-called “free sulfur” 
nated. Hydrocarbon distillates a 
treated with solutions of KOH i 


mixture consisting of a major propor 
tion of a mono-hydroxy alcohol co 
taining a minor proportion of a see 
non-aqueous solvent which is .mise 
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ROGRESS in process designing is resulting 
in constant increase and improvement of 
Aviation Gasoline and other petroleum products. 


McKee process specialists, refinery engineers 
and construction experts—fortified by a thorough 
knowledge of new refining techniques and the 
requirements of efficient plant operation—are 
devoting all their different types of engineering 


“know-how” to the development and improve- 


ment of facilities for producing the new products 


necessary to meet modern critical requirements, 


The object of McKee engineering is always 
a superior product at lowest operating cost. 


The capacity and resources of the McKee 
organization enable us to render, in one organi- 
zation, complete design, engineering and con- 
struction services for refinery projects of any size. 


Arthur G. McKee & Company 


x Engineers and Conttactns * 


2300 CHESTER AVENUE «+ CLEVELAND, OHIO 














with the alcohol but is insoluble in gaso- 

line, such as a solvent selected from the 

group consisting of glycerine, ethylene- 

glycol, and mono-methyl ether of di- 

ethylene glycol. 

U.S.P. 2,281,347. Sweetening Hydrocar- 
bon Oils. Ch. M. Blair to Petrolite 
Corporation, Ltd. 

The solutizer process is rendered more 
economical and rapid and more gen- 
erally applicable by the use of certain 
chemical reagents to prevent the emulsi- 
fication of the hydrocarbon oil with the 
extracting solvent. This is obtained by 
the introduction into the solutizer solu- 
tion or the distillate to be treated of a 
small amount of certain complex, high- 
molecular-weight oil-soluble sulfonates, 
particularly characterized by the fact 
that their alkali metal salts are soluble or 
colloidally dispersible in hydrocarbon 
oils such as benzol, xylene, kerosine, 
mineral oil and the like but may be in- 
soluble or only slightly soluble in water. 
The sulfonates employed contain hydro- 
carbon radicals or residues and have 
molecular weights in the range between 
250 and 800 and preferably between 300 
and 600. 


U.S.P. 2,281,356. Treatment of Hydro- 
carbons. W. W. Johnstone and W. G. 
Benedict to Universal Oil Products 
Company. 

In order to remove hydrogen sulfide 
and water from hydrocarbon oils to be 
sweetened by copper-containing agents, 
the distillate is first treated with an 
agent consisting essentially of a sub- 
stantially anhydrous mixture of a poly- 
hydroxy alcohol (such as_ ethylene 
glycol) and a hydroxylamine (such as 
diethanolamine). To regenerate the mix- 
ture is heated in the presence of steam 
to remove hydrogen sulfide therefrom 
and the water is then distilled off. 


U.S.P. 2,282,594. Method of Sweetening 
Petroleum Products. D. R. Stevens 
and J. E. Nickel to Gulf Research & 
Development Company. 
Doctor-treated gasoline to which suffi- 

cient sulfur has been added to cause 

the break is easily corrosive and unstable 
to oxygen. No more sulfur should be 
added than is necessary to convert all 
lead mercaptides to alkyl disulfides and 
lead sulfide. When treating the gasoline 
containing lead sulfide in suspension 
with a solution of a suitable agent, the 
lead sulfide is caused to migrate out of 
the gasoline into the aqueous phase. 
Sodium-tetra borate is such an agent. 


U.S.P. 2,285,696. Process for Desulphur- 
izing Mineral Oil Distillates. C. L. 
Dunn to Shell Development Company. 


In the process of desulfurizing a hy- 
drocarbon distillate containing organic 
sulfur compounds and olefins the im- 
provement is claimed, comprising sub- 
jecting said distillate to a vapor-phase 
extraction with a liquid selective solvent 
having preferential solvent powers for 
aromatic hydrocarbons under conditions 
to produce a fat solvent containing ab- 
sorbed portions of the distillate prefer- 
entially soluble in said solvent, including 
sulfur compounds, and an overhead 
residual vapor of low sulfur content con- 
taining the major proportion of said 
olefins, said residual vapor being sub- 
stantially free from said solvent reflux- 
ing both the fat solvent and residual 
vapors, the former with vapors obtained 
by boiling the fat solvent, condensing 
the refluxed unabsorbed vapors, strip- 
ping the refluxed fat solvent to recover 
the absorbed portion of the distillate 
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and subjecting the resulting recovered 
portion to a desulfurization treatment of 
sufficient intensity to remove the dis- 
solved sulfur compounds, said solvent 
having a boiling temperature substan- 
tially higher than the ASTM end point 
of said distillate, and being chemically 
inert under the conditions of said extrac- 
tion. 
U.S.P. 2,287,118. Treating Hydrocar- 
bons. A. Y. Mottlau to Standard Oil 
Development Company. C.A. 37,254. 


For removal of organic sulfur com- 
pounds of the mercaptan type from min- 
eral oils boiling from 100 to 700° F., 
such as an East Texas virgin naphtha, 
the material is treated, at atmospheric 
pressure and at a temperature of 60 to 
85° F. with an aqueous solution of an 
aliphatic amino alcohol, such as 1,3-di- 
amino-1-propanol. 

U.S.P. 2,288,401. Method of Treating 
Diesel Fuel. St. H. Hulse and J. O. 
Collins to Standard Oil Development 
Company. 

A method for improving sour diesel 
fuel distillates is described which com- 
prises adding to a sour distillate oil con- 
taining at least 10 mg of mercaptan 
sulfur per 100 ml of oil lead sulfide, an 
alkali and reactive sulfur. The reactive 
sulfur is added in a proportion to form 
by reaction with the mercaptans stabil- 
ized organic compounds containing from 
20 to about 200 mg of active sulfur per 
100 ml of the oil. The mercaptans are 
reacted with the reactive sulfur in the 
presence of lead sulfide, substantially all 
combined lead persisting as a catalyst 
throughout the reaction to form stabil- 
ized organic sulfur compounds which 
satisfactorily permit the product to pass 
the ASTM copper-strip corrosion test in 
which the copper strip is exposed to the 
product for 3 hours at 122° F. 


U.S.P. 2,288,749. Purification of Hydro- 
carbons. W. A. Schulze to Phillips 
Petroleum Company. 


Gases containing small amounts of 
H:S along with relatively large amounts 
of CO: are passed at a suitable rate over 
a solid contact agent comprising an 
adsorbent material such as fullers earth, 
impregnated with an aqueous solution 
containing an inorganic acid such as 
H:SO, and ions of a metal selected from 
the insoluble sulfide group of copper, 
cadmium, silver, mercury and lead, this 
aqueous solution having pH low enough 
to prevent precipitation of metal car- 
bonate but sufficient to allow precipita- 
tion of metal sulfide and having a water 
content not appreciably altered during 
the course of treating, so that H.S is 
removed from the gases. Copper sulfate 
may be used. 

U.S.P. 2,289,924. Treatment of Gasoline. 
J. C. Morell and W. L. Benedict to 
Universal Oil Products Company. 
C.A. 37,759. 


The material is treated with a solid 
adsorbent material such as fuller’s earth 
or silica gel carrying adsorbed thereon 
an additional compound or reaction 
product of a copper salt (such as the 
chloride or sulfide) and ammonia. 


U.S.P. 2,291,581. Process for Treatment 
of Hydrocarbons. W. A. Schulze to 
Phillips Petroleum Company. 


A process for concurrently desulfuriz- 
ing and dehydrogenating sulfur contain- 
ing aliphatic hydrocarbon stocks con- 
taining 2-4 C atoms is described, which 
comprises contacting the vaporized hy- 
drocarbons at atmospheric to 100 pounds 
pressure with a dehydrated bauxite 


Sa 








catalyst, impregnated with a solution 
a chromium compound, subsequeg 
converted to chromium oxide. The cat 
lyst contains a major proportion ¢ 
bauxite and a minor proportion 
chromium oxide. The reaction tempera.’ 
ture is within the range of 800 to 11998 
F., the space velocity is 1 to 10, The 
effluent is divided into two streams of 
identical composition one of which jg 
recycled without cooling it, while the 
decomposed impurities and the gas frac 
tion containing a substantial proportion 
of hydrogen are separated from the 
other. Desulfurized hydrocarbons with: 
greatly increased unsaturation are of. 
tained. : 


U.S.P. 2,292,636. Method of Removi 
Weakly Acid Organic Compo 
from Petroleum Oils. L. M. Hendep- 
son and G. W. Ayers to The Pure 
Oil Company. ‘ 
Use is made of an aqueous alkaline 

solution such as a 10 to 40 percent 

NaOH solution to which has been added 

a substantial quantity of thio phenol 

compounds such as thio cresols. 


U.S.P. 2,293,395. Process for Sweetening 
Sour Hydrocarbon Oils. L. L. Lovell 
and L. F. Boullion to Shell Develop- 
ment Company. 

Traces of harmful corrosive sulfur 
often remain in copper-sweetened oils, 
These can be removed by an additional 
step. A major proportion of the oil to be 
sweetened is passed through a copper 
catalyst under conditions to effect the 
customary sweetening, and a remaining 
minor proportion of predetermined vol- 
ume is by-passed around the catalyst. 
The sweetened and unsweetened por- 
tions are then combined and the result- 
ing very slightly sour mixture is washed 
with a sodium plumbite solution. The 
ratio of the two portions is such that 
the amount of corrosive sulfur liberated 
in the copper sweetening approaches / 
half of the amount of mercaptan sulfur 
contained in the unsweetened portion. 
Suitable ratios are 1:20 to 1:5. 

U.S.P. 2,293,759. Process for Catalytic 
Reforming and Desulphurization. J. R. k 
Penisten to Universal Oil Products 
Company. 

An arrangement of apparatus is de- 
scribed and a mode of operation em- 
ployed which involves heating a stream 
of the oil to a catalytic reforming tem- 
perature, subjecting the stream of heated 
oil to contact successively with a mass 
of reforming catalyst and a mass of de- 
sulfurization catalyst, and cooling the 
stream of conversion products leaving 
the mass of reforming catalyst before 
contact with the desulfurization catalyst, 
by commingling with another stream 
of oil. 
U.S.P. 2,293,898. Removal of Acidic 7 

Constituents from Petroleum Dis- al 

tillates. W. T. Hancock. 

Primary object of the invention is to Nn 
utilize for H:S removal an_ alkaline 
residual material which is available trom 
the boiler units customarily operated 1 t] 
oil refineries. Cracked distillate vapors 
are subjected to partial or complete con- W 
densation in a suitable condenser zone 
and the condensate stream mixed with is 
a continuously flowing stream 0 the 
residue being discharged from the boiler. Cc 
After thorough agitation the mixture 
passes into a receiver wherein it under- 
goes gravity separation. ; 
U.S.P. 2,297,537. Petroleum Refining. 

W. A. Craig and P. C. Rich to Rich 

field Oil Corporation. 

In the treatment of a petroleum hy- 
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a 5 poo the calendar forward. Picture yourself in your own 

ma backyard . .. taking off for the office a hundred miles 
away. Your streamlined helicopter rises, makes the run in an 
hour. It descends vertically, quickly, to your parking space. 
It solves the congested highway problem by soaring above it. 


This transportation wonder is in production for the army. 
te In post-war days it may be built of molded plywood and plas- 
mas tics. It will be driven by a powerful motor made largely of 

magnesium, smaller and lighter than today’s auto engine... 


a diesel or one fueled by high octane gasoline. 
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— Aviation gas, molded plywood, plastics, magnesium . . . all 

products of compression in which Cooper-Bessemer engines 

and compressors are playing such a vital part. These synthetic 

marvels are in practical use for war today. Tomorrow they 
from will go into helicopters and a hundred other miracle products 
on that are still inventors’ dreams. And in their production... 
ae wherever gases must be handled... where economical power 
= is needed ... you will find dependable Cooper-Bessemer 
compressors and engines at work. 


C ooper-Bessemer 


CORPORATION 


Mt. Vernon, Ohio « Grove City, Pa. | 
UILDERS OF DEPENDABLE ENGINES FOR 110 YEARS 
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drocarbon product containing a light 
mercaptan and a heavy mercaptan and 
a mono-carboxylic acid selected from 
the group consisting of propionic and the 
butyric acids, the improvement is claimed 
which comprises subjecting the hydro- 
carbon product to a fractionated dis- 
tillation to produce a low-boiling fraction 
containing the acid and the light mer- 
captan and a high-boiling fraction con- 
taining the heavy mercaptan, circulating 
an aqueous solution of alkali metal hy- 
droxide in contact with the low-boiling 
fraction in a circuit to extract the acid 
and light mercaptan therefrom, fortify- 
ing the circulated solution by adding 
thereto controlled amounts of alkali 
metal hydroxide to maintain in the solu- 
tion brought into contact with the low- 
boiling fraction a hydroxide concentra- 
tion of about 1-normal to about 5-normal 
withdrawing from the circuit controlled 
amounts of the solution containing the 
extracted light mercaptans and also con- 
taining alkali metal salt of the acids in 
a concentration of about 2 to 3 mols per 
liter and bringing the high-boiling frac- 
tion into contact with the solution of the 
alkali metal salt thus withdrawing to 
extract the heavy mercaptan from the 
high-boiling fraction and aerating, the 
solution to extract the mercaptan there- 
from. 


U.S.P. 2.297,751. Sweetening Hydrocar- 
bon Distillates. Ch. G. Dryer and Ch. 
Wirth to Universal Oil Products Com- 
pany. 

Sour hydrocarbon distillates are treat- 
ed with a dilute solution (less than 20 
percent) of an acidic substance, such as 
mineral acids, acid salts and heavy metal 
halides. The distillate is separated, con- 
tacted with a drying agent, mixed with 
air, contacted with a solid-copper-con- 
taining sweetening agent in a primary 
step. The sweetened gasoline and re- 
sidual air is passed into a vertical con- 
tactor, the upper section of which is 
vented and serves as a means of separat- 
ing the residual air while the lower 
section contains a secondary treating 
agent to remove copper from the sweet- 
ened gasoline. 


U.S.P. 2,300,877. Process for Treating 
Hydrocarbons, H. E. Drennan to Phil- 
lips Petroleum Company. 


A combined desulfurization and hy- 
drogenation process to sweeten hydro- 
carbons and to improve their color and 
gum stability is described. The condi- 
tions under which the desulfurization is 
carried out are such that the mercaptan 
sulfur is removed without the formation 
of undesirable quantities of hydrogen 
sulfide. Metal oxides such as iron oxide 
are used for desulfurization under 5 to 
500 pounds (preferably 50 pounds) and 
at 500 to 850° F. 


U.S.P. 2,301,588. Treatment of Hydro- 
carbon Fluids. W. A. Schulze and G. 
H. Short to Phillips Petroleum Com- 
pany. 

Carbonyl sulfide occurs in the lower- 
boiling hydrocarbon products and is not 
satisfactorily removed by conventional 
treating methods. The object of the in- 
vention is to completely desulfurize hy- 
drocarbon fluids prior to processing to 
effect polymerization, alkylation, etc., 
and after applying conventional de- 
sulfurization methods, by contacting the 
fluids containing carbonyl sulfide with 
adsorbent reagents impregnated with 
mono-ethanolamine or with alkylene 
polyamines, or in general with organic 
bases having at least one primary amine 
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group. Carbonylsulfide is removed from 
the hydrocarbon in the form of an oil- 


insoluble compound, retained by the 


adsorbent. 


U.S.P. 2,301,802. Process of Desulphur- 
izing Hydrocarbons. R. E. Burk and 
E. C. Hughes to Standard Oil Com- 
pany of Ohio. 

Hydrocarbons are desulfurized by con- 
tact with a chromium oxide catalyst in 
vapor or liquid phase. Additional com- 
ponents may be included in the catalyst, 
such as alumina and a composition of 
20:80 mol percent of chromium oxide 
and aluminum oxide is desirable. Tem- 
peratures may range from 200 to 850° 
F. and pressures from atmospheric to 
800 pounds or more. 


U.S.P. 2,303,835. Method of Sweetening 
Sour Petroleum Distillates. R. L. 
Gholson. 

The process described does not de- 
sulfurize petroleum fractions but merely 
converts mercaptans or thio alcohols 
into di-sulfides. The chemicals used are 
dry and not dissociated into ions. They 
must be maintained at a temperature of 
140° F. to cause the oxygen of the air 
to effect the conversion. The catalyst is 
prepared by admixing ferric sulfate salt 
and sodium chloride in equilibrium solu- 
tion with air, saturating an adsorbent 
body of granular nature with the cata- 
lyst and subjecting the treated mass to 
the action of hot air at 140° F. 


U.S.P. 2.303,970. Method of Desulphur- 
izing Mineral Oils. F. E. Wilkinson. 


Pressure distillates are desulfurized by 
adding to the distiliate a quantity of an 
aqueous solution of citrus fruit acid 
compounds, agitating the mixture and 
distilling the resulting mixture to a tem- 
perature of approximately 420° F. 


U.S.P. 2,306,933. Desulphurizing Hydro- 
carbons, R. E. Burk to Standard Oil 
Company of Ohio. 


Hydrogen sulfide is eliminated from 
hydrocarbon oils following which non- 
mercaptan sulfur is converted to mercap- 
tan sulfur by treating with an agent such 
as bauxite, other clays and ores or oxides 
or sulfides or mixtures of oxides and sul- 
fides of metals such as a molybdenum, 
tungsten, iron, nickel, cobalt, copper, 
etc., at a temperature below 400° F. The 
treated petroleum is then subjected to 
metal carbonyl in amounts less than 
the reaction equivalent of sulfur present 
at a temperature between 300 and 650° 
F. Metal sulfide formed is separated. 


U.S.P. 2,314,142. Catalytic Hydrogena- 
tion. St. C. Haney to Sinclair Refining 
Company. 

The life of nickel catalysts may be in- 
creased several fold by passing oxygen 
containing charge material for the hy- 
drogenation operation first into contact 
with finely divided copper. The copper 
acts to transform the oxygen into water, 
the latter having no deleterious effect 
upon an active nickel catalyst. In the 
event that the hydrogen or the unsatu- 
rated hydrocarbons to be hydrogenated 
contain no free oxygen, only the ma- 
terial which does contain free oxygen 
need be treated with the active copper. 
Finely divided copper deposited on an 
asbestos support may be used with par- 
ticular advantage. Such a catalyst may 
be readily prepared by forming a sus- 
pension of shredded asbestos in a solu- 
tion of copper nitrate and subsequently 
precipitating copper hydroxide on the 
asbestos fiber by adding an amount of 
sodium hydroxide substantially equiva- 


lent to the copper nitrate content of 
the mixture. The copper hydroxide js 
then reduced in a hydrogen stream at 


300° F. 


U.S.P. 2,319,508. Apparat.:s for Produc. 
ing Hydrogenated Hyd:ocarbon Prod. 
ucts. R. Leprestre. 

An apparatus for hydrogenating hy- 
drocarbons is described, comprising a 
retort column, having a mixing chamber 
at its lower end and a gas collecting 
chamber at its upper end, valve means 
for controlling the flow of gases from 
said collecting chamber, a foraminous 
basket containing a catalyzer and ar- 
ranged between the mixing chamber and 
the collecting chamber and means for 
introducing hydrogen and an aqueous 
colloidal mixture of a hydrocarbon into 
the mixing chamber, said means" com- 
prising a plurality of hydrogen jets and a 
plurality of solution jets, arranged sub- 
stantially in the same horizontal plane 
and disposed at an angular relation 
of 90°. 


U.S.P. 2,321,551. Catalytic Dehyd-ogena- 
tion and Hydrogenation. D. J. Loder 
to E. I. du Pont de Nemours & Com- 
pany. 

Phenol is obtained from benzene by 
subjecting benzene and at least one sub- 
stance from the group consisting of 
cyclohexanone and cyclohexanol to a 
catalytic hydrogen exchange reaction at 
a temperature within the range of 70 to 
350° C. and separating phenol and cyclo- 
hexane from the resultant product. 


U.S.P. 2,321,841. Refining Hydrocarbons. 
Mekler and J. H. Curtis to The 
Lummus Company. 


_An object of the invention is to pro- 
vide a method of treating residual hydro- 
carbon material such as a reduced crude, 
by a combination of cracking and hydro- 
genating operations, whereby the re- 
sidual material is substantially converted 
into lower-boiling material and _poly- 
merization of the cracked residue is pre- 
vented. By fractionation material boiling 
in the gasoline range is separated and 
higher boiling fractions are recycled. 
All of the cracked hydrocarbons are 
immediately hydrogenated in the pres- 
ence of a hydrogenation catalyst. Tem- 
peratures of 825 to 875° F. and a pres- 
sure of 400 to 600 pounds are suggested 
for the cracking, a temperature of below 
800° and substantially the same pressure 
for the hydrogenation step. 


U.S.P.’s 2,322,095, 2,322,096, 2,322,097, 
2,322,098, 2,322,099. Catalytic Hydro- 
genation of Organic Compounds. Otto 
Schmidt to General Aniline & Film 
Corporation. 

The invention concerning montan wax 
and other organic compounds is of di- 
rect interest to the chemistry of hydro- 
carbons. Montan wax having an acid 
value of about 140 is esterified with 
methylalcohol by boiling it under reflux 
for four hours with 1/5 of its weight of 
methyl alcohol and 150 of its weight of 
HCl. 100 parts of the methylester thus 
prepared having a saponification value 
of 162 are incorporated with two parts 
of a nickel-kieselguhr catalyst consisting 
of one part nickel deposited on five parts 
kieselguhr and heated with hydrogen at 
about 180 to 200° C. under a pressure o 
100 atmospheres while pressing in hy- 
drogen. As soon as the reaction product 
has a saponification value of about 
the hydrogenation is interrupted. After 
filtering off the catalyst a pale hard was 
having a melting point of 85° ©. 1s ob- 
tained on cooling. 
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All Officials of API Re-elected 


At Annual Meeting 


All officials of the American Petro- 
lum Institute were re-elected at the 
twenty-fourth annual meeting of the 
American Petroleum Institute in Chi- 
cago, November 8 to 11. Chicago was 
lected for the next annual meeting 
with the hotel and dates yet to be de- 
termined. 

Officials reelected are: W. R. Boyd, 
Ir, president; J. Howard Pew, Sun Oil 
Company, Philadelphia, Vice President 
for Refining; George A. Hill, Jr., Hous- 
ton Oi Company, Houston, Vice Presi- 
dent for Production; E. V. Weber, 
Eureka Oil Company, Cincinnati, Vice 
President for Marketing; O. D. Donnell, 
The Ohio Oil Company, Findlay, 
Treasurer; Lacey Walker, New York, 
Secretary and Assistant Treasurer. 

The Division of Refining elected 20 
members for its general committee for 
1944 and five additional were appointed 
by the president. Of those selected by 
the division the following were re- 
dected: W. F. Burt, Socony-Vacuum 
Oil Company, New York; R. G. Follis, 
Standard Oil Company of California, 
San Francisco; M. Halpern, The Texas 
Company, New York; G. W. Hanneken, 
The Standard Oil Company (Ohio), 
Cleveland; A. M. Kelley, Richfield Oil 
Corporation, Los Angeles; W. W. 
Lowe, Cities Service Oil Company, 
New York; Walter Miller, Continental 
Qil Company, Ponca City; W. E. 
Moody, Deep Rock Oil Corporation, 
Cushing; H. D. Moyle, Wasatch Oil 
Refining Corporation, Salt Lake City; 
G.G. Oberfell, Phillips Petroleum Com- 
pany, Bartlesville; M. G. Paulus, Stand- 
ard Oil Company (Indiana), Chicago; 
A. E. Pew, Jr., Sun Oil Company, 
Philadelphia; W. A. Slater, Gulf Oil 
Corporation, Pittsburgh; C. F. Smith, 
standard Oil Company of New Jersey, 
New York; C. H. Taber, Jr., Sinclair 
Refining Company, New York; C. B. 
Watson, The Pure Oil Company, Chi- 
cago; W. S. Zehrung, The Pennzoil 
Company, Oil City. 

New members chosen by the division 
are: H. S. Chase, Tide Water Associ- 
ated Oil Company, New York; J. F. M. 
Taylor, Shell Oil Company, New York. 


The five members appointed by the 
bresident are: Paul G. Blazer, Ashland 
Refining ( ompany, Ashland, Kentucky; 
CL, Henderson, Vickers Petroleum 
Company, Wichita; E. J. Henry, The 
Atlantic Refining Company, Philadel- 
phia; Roy B. Jones, Wichita Falls; W. 
- Stewart, Union Oil Company, Los 
Angeles. 
The complete 
fected at the 
meeting, follows: 


board of directors, 
twenty-fourth annual 


Refining 


J. L. Hanna, Standard 
fom; any of California, San Fran- 


Paci e { 5 
Oil ific “_oast: 
Cise 


Rocky Mountain: P. N. Fortin, Yale 
Refining Company, Billings, Montana. 

Central United States: T. H. Barton, 
Lion Oil Refining Company, El Dorado, 
Arkansas; Alexander Fraser, Shell Oil 
Company, Incorporated, New York; D. 
J. Moran, Continental Oil Company, 
Houston. 

Eastern United States: Robert H. 
Colley, The Atlantic Refining Com- 
pany, Philadelphia; B. I. Graves, Tide 
Water Associated Oil Company, New 
York; W. S. S. Rodgers, The Texas 
Company, New York. 


Production 
Pacific Coast: A. C. Mattei, Hono- 
lulu Oil Corporation, Limited, San 
Francisco; W. M. Keck, The Superior 
Oil Company, Los Angeles; L. L. 


Aubert, Bankline Oil Company, Los 
Angeles. 

Rocky Mountain: B. B. Brooks, The 
Consolidated Royalty Oil Company, 


Casper, Wyoming. 

Central United States: H. N. Greis, 
Deep Rock Oil Corporation, Tulsa; Jake 
L. Hamon, Cox & Hamon, Dallas; E. 
A. Landreth, Landreth Production Cor- 


poration, Fort Worth; Henry L. Phil- 
lips, Sinclair Oil Corporation, New 


York; Ralph Pryor. Pryor & Lockhart, 
Wichita, Kansas; H. R. Straight, Cities 
Service Oil Company, Bartlesville; R. L. 
Wheelock, Wheelock & Collins, Corsi- 
cana, Texas; H. C. Wiess, Humble Oil 
and Refining Company, Houston. 

Eastern United States: J. Noel Rob- 
inson, South Penn Oil Company, Pitts- 
burgh. 

Marketing 

Pacific Coast: Charles S. Jones, Rich- 
field Oil Corporation, Los Angeles; H. 
D. Collier, Standard Oil Company of 
California, San Francisco. 

Rocky Mountain: W. H. Ferguson, 
Continental Oil Company, Denver. 

Central United States: Henry M. 
Dawes, The Pure Oil Company, Chi- 
cago; I. A. O’Shaughnessy, The Globe 
Oil & Refining Company, St. Paul, 
Minnesota; E. G. Seubert, Standard Oil 
Company (Indiana), Chicago. 

Eastern United States: W. T. Holli- 
day, The Stanard Oil Company (Ohio), 
Cleveland; E. W. Sinclair, Sinclair Oil 
Corporation, New York. 


Transportation 
Ships: J. Howard Pew, Sun Oil Com- 


pany, Philadelphia. 
Pipe Lines: D. S. Bushnell, North- 


ern Group of Pipe Lines, New York. 


Supply 
Hugh Glenn, Emsco Derrick & 
Equipment Company, Los Angeles; 
Wallace Wilson, Wilson Supply Com- 
pany, Houston. 


Natural Gas 
N. C. McGowan, United Gas Pipe 
Line Company, Shreveport. 
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Natural Gasoline 


D. E. Buchanan, Hanlon-Buchanan, 
Incorporated, Tulsa. 


At Large 


John M. Crawford, Parkersburg Rig 
& Reel Company, Parkersburg, West 
Virginia; J. Frank Drake, Gulf Oil 
Corporation, Pittsburgh; R. W. Gal- 
lagher, Standard Oil Company of New 
Jersey, New York; George A. Hill, Jr., 
Houston Oil Company of Texas, Hous- 
ton; A. Jacobsen, Amerada Petroleum 
Corporation, New York; John M. Love- 
joy, Seaboard Oil Company of Dela- 
ware, New York; J. F. Lucey, Lucey 
Peroleum Company, Dallas; R. Ogarrio, 
The Texas Company, New York; J. 
Edgar Pew, Sun Oil Company, Phila- 
delphia; Frank Phillips, Phillips Petro- 
leum Company, Bartlesville; E. B. Rees- 
er, Tulsa; H. F. Sinclair, Sinclair Oil 
Corporation, New York; D. T. Andrus, 
Pennsylvania Grade Crude Oil Associa- 
tion, Bradford, Pa. (to fill one-year un- 
expired term of Parker Melvin, re- 
signed); A. F. Corwin, Socony-Vacuum, 
Wichita, Kansas. 

The members of the American Pe- 
troleum Industries Committee also were 
re-elected by the board for the year 
1944, as follows: Harry T. Klein (chair- 
man), The Texas Company, New York; 
Edwin S. Hall (secretary), Standard 
Oil Company of New Jersey, New 
York; James J. Crosgrove, Continental 
Oil Comnany, Ponca City; Cyrus S. 
Gentry, Shell Oil Company, Incorpo- 


rated, New York; L. A. Gibbons, 
Union Oil Company of California, 
San Francisco; Walter S. Hallanan, 
Plymouth Oil Company, Charleston, 


West Virginia; William F. Humphrey, 
Tide Water Associated Oil Company, 
San Francisco; W. A. Jones, Cities 
Service Company, New York; H. T. 
Klein, The Texas Company, New York; 
T. Rieber, Barber Asphalt Corporation, 
New York; Henry D. Moyle, Wasatch 
Oil Refining Company, Salt Lake City; 
L. S. Wescoat, The Pure Oil Company, 
Chicago; J. D. Sandefer, Jr., National 
Stripper Well Association, Brecken- 
ridge, Texas (to fill one-year unexpired 
term in this group). 

The board re-elected the Institute’s 
Membership Committee for 1944 as fol- 
lows: D. E. Buchanan (chairman) Han- 
lon-Buchanan, Incorporated; Tulsa; W. 
H. Ferguson, Continental Oil Company, 
Denver; Dana Hogan, Hogan Petro- 
leum Company, Los Angeles; C. P. Mc- 
Gaha, Fain-McGaha Oil Corporation, 
Wichita Falls, Texas; and Ralph Pryor, 
Pryor and Lockhart, Los Angeles; 
George V. Holton, Socony-Vacuum 
Oil Company, New York; Buell F. 
Jones, Standard Oil Company (In- 
diana), Chicago; and William A. Mc- 
Afee, The Standard Oil Company 
(Ohio), Cleveland. 
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PIWC Resolution Asks Congress 
To Increase Crude Oil Price 


In an effort to gain a higher price 
for crude oil the Petroleum Industry 
War Council adopted a memorial to 
The Congress at its meeting in Chicago, 
November 9. The council also reiter- 
ated its stand against subsidies as a 
means of stimulating exploration and 
field development. Its economic com- 
mittee also warned of diminishing sup- 
ply of gasoline for civilian use as mili- 
tary operations are _ increased _ in 
Europe. 

These actions were taken following 
the report of a committee, headed by 
J. C. Hunter, president of the Mid- 
Continent Oil & Gas Association, which 
had been named to consider the sug- 
gestion of Ralph K. Davies, Deputy 
Petroleum Administrator, that the 
Council “give further thought to the 
question of an alternative to the rec- 
ommended crude price increase,” as 
recommended by Economic Stabillizer 
Vinson, 

The resolution to The Congress de- 
clared “it is still the opinion of the 
Petroleum Industry War Council that 
the price of oil must be raised if the 
oil industry is to fulfill its obligation 
to produce sufficient oil to meet the 
need of the war program and essential 
civilian demand,” and then asked the 
Congress of the United States “to take 
appropriate action to amend the exist- 
ing price control statutes so as to in- 
sure a proper and adequate price for 
crude oil and its products.” 

The other resolution pointed out that 
the council had “carefully reviewed the 
decision of Vinson issued under date 
of October 29th,” and that the indus- 
try and PAW had “long ago set in 
motion the various plans suggested by 
Vinson for the development, expansion, 
and increased availability of its produc- 
tive capacity.” The resolution then 
continued to say that the increasing 
military demands and the uncertainties 





Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, Illinois Institute of 
Technology, Chicago, Illinois, has 
received urgent requests for the 
chemicals listed below. If anyone 
has one or more, even if only in 
one gram quantities, please inform 
the Registry. 

. l-amino-2-hexanol. 

. l-amino-2-heptanol. 

. l-amino-2-octanol. 

Dodecyl amine acetate. 

Dichloracetone. 

Decene. 

. Dodecene. 

Dodecanol. 

Hexadecene. 

10. Methyl-n-Heptyl ketone. 

11. Methyl-n-Octyle ketone. 

12. Methyl beta-chloroethyl 
ketone. 

13. Octadecene. 

14. Octadecanol. 

15. Octadecenol. 

16. Tetradecene. 

17. Tetradecanol. 
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of enemy action together with declining 
production capacity “foreshadow an in- 
creasing shortage of supply.” 

This resolution declared that Vin- 
son’s proposal for financial incentive ig- 
nored the long studied conclusions of 
the industry on the “impracticability of 
subsidies, bonuses and other incentives 
falling in this category,” and that these 
suggestions had been reviewed again 
and that again the considered opinion 
had been reached that “there is no way 
in which the productive capacity of this 
nation can be increased without greater 
overall oilfield activity and that this can 
only be achieved effectively and effi- 
ciently through greater overall price in- 
centive.” It then asked that Ickes re- 
new his efforts to obtain a general in- 
crease in the price of crude oil with 
corresponding increase in product 
prices. 


Three Divisions for 
Foreign Oil Activity 


The foreign division of the Petroleum 
Administration for War has been re- 
organized to permit an over-all oper- 
ating committee to have supervision over 
three divisions. C. Stribling Snodgrass 
has been named director of the refining 
division. Formerly he held the post of 
associate director of refining in the for- 
mer single division. 


Sheffe Is Traffic Manager 
Of Standard of New Jersey 


Edward D. Sheffe has been promoted 
to traffic manager of Standard Oil Com- 
pany of New Jersey, to fill the vacancy 
which came about through the retire- 
ment of Anson G. Phelps. 

Sheffe joined the Standard organiza- 
tion in 1912 as a rate clerk and ad- 
vanced to become assistant traffic man- 





Edward D. Sheffe 





ager in 1933. He has handled most of 
the company’s cases before the Inter. 
state Commerce Commission and jg algo 
a registered practitioner before the 
United States Maritime Commission, He 


has been nominated to the Board of 
Governors of the New York Traffic Clyb 

Phelps has been with the company for 
42 years and retired under the annuity 
plan, He started as an office boy in 
1901 and became manager of the traf. 
fic department in 1933. 

Three years later he was made chair- 
man of the company’s transportation 
committee, then formed to coordinate 
rail, barge and pipe-line movements. 


James E. Pew Succeeds 
E. Holley Poe in PAW 


James E, Pew has been appointed di- 
rector of the division of Natural Gas 
and Natural Gasoline for the Petroleum 
Administration for War. He has been 
assistant ditector under E. Holley Poe, 
who has resigned to accept the po- 
sition of executive secretary and general 
manager of Petroleum Reserves Cor- 
poration. 

Pew came to the Office of the Petro- 
leum Coordinator for War in January, 
1942, as a member of the production 
division. When the Natural Gas and 
Natural Gasoline Division was formed 
in June he became chief of the natural 
gasoline section. In July, 1943, he became 
assistant director of the division. 

Robert W. Ducker succeeds Pew as 
assistant director of the division and 
B. C. Adams, Jr., replaces the new as- 
sistant director as chief of the natural 
gas section. 

Pew has had 20 years of experience 
in natural gas and natural gasoline ac- 
tivities. After finishing school work at 
Massachusetts Institute of Technology 
he joined United Natural Gas Company, 
Bradford, in 1923. He was with Hope 
Construction & Refining Company from 
1924 until 1926. Then he went with Vir- 
ginian Gasoline & Oil Company, 
Charleston, where he became manager 
of its subsidiary, Viking Distributing 
Company, a position he left to go to 
Washington. 


Davies Summarizes Record 


Of Refining in Wartime 

When he appeared before the Com- 
mittee on Interstate and Foreign Com- 
merce of the House of Representatives, 
October 21, Ralph K. Davies, Deputy 
Petroleum Administrator for War, gave 
this summary of the accomplishments 
of the refining industry in the war 
program: 

“Turning to refining, it it well-known 
to this committee but still not under- 
stood generally that the conversion from 
peacetime to wartime operations was 4 
difficult, complicated and economically 
burdensome process. By way of illus- 
trating the change that has been brought 
about, I might mention that, in 194l— 
before Pearl Harbor—the refineries 
the United States were making an av 
erage of 18 gallons of automotive gase” 
line out of every 42-gallon barrel 0! 
crude. As of the summer of 1943, they 
were making only 12 gallons. In other 
words, we used to get 50 percent more 
automotive gasoline out of every Dar 
rel of crude than we do today. The 
reason is that more war products and 
less civilian products must now be ¢&€ 
rived from each barrel of crude oil. 

“Thus, in 1941, before Pear! Harbor, 
we were getting approximately one-hall 
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Industry requires a wide variety of centrifuges. 
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be de ; CENTRIFUGAL AND PROCESS ENGINEERS 


Fully automatic centrifugal dryer. Per- 
forated basket. Automatically loads, 
rinses, dries and discharges crystals. 
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Never has proper valve maintenance been so essential as now. With the 
scarcity of new valves, it is all-important to take care of those you have 
in service. The necessity for uninterrupted operation demands no less. 


With regular checking and inspection of this vital equipment and prompt 
servicing when necessary, valve life can be lengthened materially. It may 
save costly repairs later, and the possible shut-down of equipment. 


The simplicity of design of Lunkenheimer “Ferrenewo”-“Renewo” Valves, 
with interchangeable parts, makes them easy to keep in good operating 
condition—easy to maintain. It means speedier repairs with minimum 
expenditure for maintenance. 


A Lunkenheimer distributor is near you to help you get what you need. 


ESTABLISHED 1862 


200 Ib. S.P. Bronz 
“RENEWO" oe LUNKENHEIMER 
—w QUALITY’ 
CINCINNATI 14, OHIO. U.S.A. 


NEW YORK CHICAGO 
" . BOSTON PHILADELPHIA 


EXPORT DEPT 318.322 HUDSON ST. NEW YORK 13, N, ¥, 











yf momeh))”® 150 Ib. S.P. Iron Body 
“FERRENEWO" 


Regular Type 










200 Ib. S.P. Bronze 
“*RENEWO" 


Plug Type | z. 


{ 








Here’s how 
Interchangeability Speeds Maintenance 









All parts of the valves above, (except bodies and bonnet rings) fit each 
other perfectly. If, for example, you need a stem, disc or seat ring for 
the “Renewo”, you can use the corresponding part of the “Ferrenewo” 
—it is exactly the sasne. This means fewer parts to be carried, 
speedier repairs and greater ease in making them. This flexible inter- 
changeability likewise applies between 300 Ib. S.P. “Renewo” Valves. 
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gallon of aviation gasoline out of every 
barrei of crude oil. Such things ag toj. 
uene for TNT and butadiene for syn- 
thetic rubber were not even being made 
except in experimental laboratories and 
pilot plants. But, by last summer, each 
barrel of crude was yielding 3% gallons 
of aviation gasoline, toluene, butadiene 
and other petroleum war products— 
seven times as much as in peacetime. 

“I have described this remarkable 
change in only a few words, but it 
would take many hours to relate the yast 
amount of work that it had involved, ] 
will not burden you with those details, 
but perhaps a few of the highlights may 
be mentioned. 4 

“As you know, our No. 1 refining 
problem is and from the beginning has 
been the production of 100-octane avia- 
tion gasoline. The story of that prob- 
lem has been told in considerable detail 
before the Truman committee, and I do 
not believe that you will want to have 
it repeated. I will just mention in pass- 
ing that, in spite of the all but insuper- 
able technical problems involved, in 
spite of troubles in getting materials, in 
spite of difficulties in getting estimates 
of requirements far enough ahead to 
build plants in time, in spite of changing 
specifications, in spite of labor short- 
ages, the production of 100-octane avia- 
tion gasoline has mounted and mounted 
again, not as rapidly as we would have 
liked—nor as rapidly as it could have 
if our recommendations had prevailed 
—but rapidly enough so that American 
and United Nations fighting planes and 
bombers have operated without inter- 
ruption on every battle front. 

“We are not permitted to make public 
the production figures on 100-octane, 
but it is well known that we were mak- 
ing only about 45,000 barrels per day by 
the first of January, 1942, and I would 
be substantially understating the posi- 
tion if I were to say that, as of Sep- 
tember 1, we were making 400 percent 
as much, and that additional plants have 
gone on stream since then and are con- 
tinuing to go on stream with regularity. 
Moreover, I may say that, as of Decem- 
ber 7, 1941, the reaching of such a level 
of production in so brief a time was con- 
sidered by most experts to be impos- 
sible of achievement. 

“But, the wartime refining problem 
has been more than one of boosting the 
production of military products at diz- 
zying speed. It has also been one of 
maintaining ordinary refinery operations, 
because our machine economy requires 
all types of petroleum products. From 
the beginning of the war it had been 
evident to the Petroleum Administra- 
tion that every operable refinery in the 
United States would have to be kept 
running if possible, because it was clear 
that, when war operations got into full 
tempo, we would have to process all of 
the crude that we could get.” 


Risinger Is Chairman 
Of Petroleum Safety 


J. L. Risinger, director of accident 
prevention activities of Socony-Vacuum 
Oil Company, New York, has been 
elected general chairman of the petro 
leum section of the National Safety 
Council, Other officials elected at the 
annual meeting of the council in ew 
York are: J. L. Manes, Sun Oil Com 
pany, Dallas, vice chairman for produc: 
tion; A. H. Vineyard, Shell Oil Com- 
pany, New York, vice chairman for 
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Salvo after salvo from the big 
guns of our battleships do not 
harm the Palmer “Red-Reading- 
Mercury” Thermometers in- 
stalled in them. Every battle- 
ship carries over 200 thermome- 
ters and they dare not fail. 
Palmers are built exceptionally 
strong and sturdy to withstand 
the most extreme conditions. 
What they do ‘for Uncle Sam 
they will do for you . . . de- 
pendable always. 


PALMER 
Tod - Keading - Mercury” 


THERMOMETERS 


You can always be certain of precisely correct temperature when you guard 

your processing operations with Palmer “Red-Reading-Mercury” Ther- 

mometers or Palmer Mercury-Actuated “Superior” 
Recording Thermometers. The unfailing reliability 
and easy-to-see “Red-Reading-Mercury” column of 
a Palmer avoids mistakes, waste, and profitless pro- 
duction. If you want one of the toughest, sturdiest, 
and most accurate thermometers made in the United 
States today, take a tip from Uncle Sam and order 
a Palmer. There’s a lifetime of accurate service built 
into every Palmer Thermometer. Write for Catalog 
No. 300-D. 
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marketing; E. K. Alexander, The Tega 
Company, Tulsa, vice chairman for pips 
lines; J. C. Askam, Ohio Oil Compag 
Findlay, vice chairman for manufactyp 
ing; A. J. Gorand, Sun Oil Company 
Philadelphia, chairman of the enginegp 
ing committee. a 


Chemical Exposition to 
Be Held December 6-11 


Because of use of Grand Central Pal 
ace for military reasons the Expositio 
of the Chemical Industries will be hel 
December 6 through December 1] j 
Madison Square Garden, New York 
This will be the nineteenth exposition 
which had its beginning in 1915. 

For several years the public was freg 
to attend. Attendance grew to such ; 
total that it was necessary to restric¢ 
the gate to persons interested in chem 
istry and its related subjects. 

The scope of the exposition has bee 
thus given by its management, Inter 
national Exposition Company, of whict 
Charles F. Roth is president: 

“The field of the Exposition of Chem! 
ical Industries comprises the production 
of chemicals, the entire range of chem4 
ical processing and the use of chem] 
icals in mechanical processing. It serves 
a large group of process industries which 
apply: chemical science and chemica 
engirféering in changing material in thd 
course of manufacture. The emphasi 
is on materials, methods and machinery 
and it is difficult to imagine a singld 
line of human interest and endeavor that 
fails to share the stimulating influencd 
of these events.” 















Croxton Heads Chemistry a 


Battelle Memorial Institute 

Dr. Frank C. Croxton has been named 
supervisor of organic chemistry at Bat 
telle Memorial Institute, Columbus 
Ohio. Since 1939 he has been assistant} 
supervisor. Previous to joining the staff 
of this research organization he was i 
the research laboratories of Standard 
Oil Company (Indiana) at Whiting 
There he was engaged in research con 
cerning lubricating oils and catalysts 

He is a graduate of Ohio State Uni 
versity, where he did both undergrad 
uate and graduate work. 

Battelle Memorial Institute has car 
ried out research for several problem 
within the refining industry since it 
inauguration of chemical researc 
These were outlined as follows: 

The sulfur problem in gasoline ha 
necessitated an analysis of the compara 
tive values of commercial sulfur-re 
moval processes. Anti-knock compound 





CORRECTIONS 


in the article “Overall Plate Effi- 
ciency,” H. G. Drickamer and J. & 
Bradford, Figures 1A and 1B, page 
105 were transposed. 

In the article by Louis Schwartz, 
page 124, second paragraph under 
the heading ‘‘Standard Lead Nitrate 
Solution,” the second sentence 
should read: 

“Add 45 ml. of the nitric acid- 
potassium chlorate solution @ 
evaporate to crystallization under ¢ 
hood. Remove from the heat, 
100 ml. of hot water and finish the 
test exactly as described for the 
volumetric determination.” 

In the abstract the word volu- 
metric was misspelled. 
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Do you need a Propeller or Turbine Type? 
Do you need '/aoth or 50 H. P.? 


Properly engineered installations have saved 
75 to 97% in power consumption and 90 to 
97% in blending time. 

There is one size and model of mixer which 
will best answer the requirements of each 
individual mixing job. “LIGHTNIN” and 
MIXCO Mixers and Agitators are available 
in sizes ranging from 1/40th H.P. laboratory 
models to 50 H.P. agitators. Each size and 
model has a wide range of applications, but 
each also has definite limitations. 

Perhaps you need a turbine type instead of 
propeller. If that is the case, Mixing Equip- 
ment Company have available a variety of 
turbines to meet every agitation requirement. 
The right type will greatly increase the 
efficiency of the process. 

That is why it is advisable to have Mixing 
Equipment Company engineers recommend 
the equipment for your particular purpose. In 


some cases they have recommended doubling 
the size of the mixer with the result of cutting 
both mixing time and power consumption in 
half! Or it is possible to use a smaller mixer 
and thereby reduce installed H.P. and initial 
cost for simple blending. 

You can depend upon Mixing Equipment 
Company engineers to recommend the right 
mixer for your job because all types are 
manufactured. Twenty-three years of experi- 
ence has resulted in an organization, research 
facilities and skill which qualify Mixing 
Equipment Company as a leading authority 
in the whole broad field of agitation. 

Mixing Equipment Company offers its 
services in the solution of any problem involv- 
ing controlled recirculation of liquids to pro- 
duce physical and chemical changes, as 
included in the table herewith. 


TOP ENTERING 


Blending 
Miscible 
Liquids 


Simple Mix- 


ing of solu- 
ble liquids 
as in reduc- 
ing concen- 
tration. 


Mixing 
Immiscible 
Liquids 


Crystal 
Size 
Control 


Washing of [Precipitation 


Liquids 
Extraction 
Contacting 
Caustic Treat- 


Evaporation 
Systems 





Heat 


Gas Suspension 
f Transfer 


Absorption 
& Dispersion 


Hydrogena- 
tion 

Aeration 

Gas Scrubbing 

Chlorination 

Gas’ Washing 


MIXERS 

A wide range of sizes 
for large or small tanks 
—% to 50 H.P. for 
vertical use on pressure 
or vacuum vessels. In- 
tegral mounting, turbine 
and propeller types. 


SIDE ENTERING 
MIXERS 

1 to 25 H.P. for horizontal 
use. Any size tank. Pro- 
peller type only. Many 
models and drives. In 
use on tanks up to 
5,000,000 gallons ca- 
pacity. 
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KEMP of BALTIMORE is 
now providing high- 
efficiency dryers and 
inert gas producers for 
alkylation, dehydrogen- 
ation and catalytic 
cracking plants... for 
butadiene, styrene and 
co-polymer plants. For 
technical bulletins, 
descriptive leaflets and 
general information, 
address The C. M. Kemp 
Mig. Co., 405 East Oliver 


Street, Baltimore, Md. 

















for motor fuel have been studied. Th 
use of refinery by-products for om 
vents, resins, wood preservatives, anq 
other applications have been investi 
gated. Petroleum plastics have bees, 
developed and formulated, and petro- 
leum gases have been synthesized. New 
methods of recovering olefins have been 
explored. 


Lubricating oils, extreme-pressure lu- 
bricants, and refinery production prac- 
tices have been investigated. New 
products have resulted from studies of 
paints, varnishes, and lacquers, and im- 
provements have been made in paper 
production practices and in textile and 
wood preservatives. 


























Tighe Joins Houdry 
Process Corporation 


Frank P. Tighe has been appointed 
public relations director of Houdry 
Process Corporation, Wilmington, Dei- 
aware. He will have charge of adver- 
tising for this pioneer developer of 
catalytic cracking processes. For a year 
and a half previous to this change he 
had been in the press division of the 
Office of Censorship, Washington, han- 
dling advertising and industrial articles, 

Tighe was born in Wolwyn, Pennsyl- 
vania, and educated in the Philadelphia 
schools. For 12 years he was in the 
advertising and editorial departments of 
the Chilton Company, business paper 
publishers. Later he was with Roche, 
Williams & Cunnyngham, Ine., adver- 
tising, where he was in charge of pub- 
lic relations activities for both Stude- 
baker Corporation and Bendix Auto- 
motive Products Corporation. Before 
going with the Office of Censorship he 
was general manager of the Philadelphia 
Automobile Trade Association. 


South American Fuels 
Conference Postponed 


A petition of the Argentine Section of 
the South American Institute of Petro- 
leum (1.S.A.P.) has resulted in post 
ponement of the first South American 
Conference on Liquid Fuels, to April, 
1944, 

The reason given for postponement 
was that the technical delegations of 
North America had not had _ sufficient 
time in which to prepare for attendance 
at the meeting which had _ previously 
been set for this October. 


Townsend Is Lone Star 
Gasoline Superintendent 


Fred H. Townsend has been promoted hic 
to superintendent of gasoline plants form’ ) 
Lone Star Producing Company, Dallas. pin 
He has served as assistant superintend- fl” 

ent since April, 1943, when Harty iil i 
Wheeldon became superintendent.@] 0 
Wheeldon resigned in October to Jo" 


Shamrock Oil & Gas Corporation, Ama ij a 
rillo. | O 

Replacing Townsend as assistant dl ‘By 2am 
perintendent of gasoline plants 1s jos | Oo 
M. Kindle of Ranger, where he a | ber 
superintendent of gasoline plants int 
West Texas district. Townsend an 
Kindle have headquarters in Dallas. . 

Both men are graduates of ig 
A. & M. College and hold degrees 
chemical engineering. Townsend eee = 
Lone Star in 1927 as testing engine 

ovemb; 
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PRODUCTION “DRIVE” 


Thousands of cases prove that a man can do 
more work where it’s cool and comfortable than 
where heat and bad air are continually sapping his 
energy. 

In these cases, Coppus ‘‘Blue Ribbon” Blowers 
and Exhausters have earned their salt, bringing 
renewed energy, skill and morale to men working 
near furnaces...in tanks...in underground 
cable manholes . . . around hot processes. 

Portable, adaptable for special purposes, each 
one built with Coppus “Blue Ribbon” precision 
and strength, they are putting more working min- 
utes into every war-essential man-hour—more and 
better production every day! 





CABLE MANHOLE AND TANK VENTILATORS — BOILER MANHOLE BLOWERS AND EXHAUSTERS — HEAT KILLERS — 
SHIPHOLD VENTILATORS ... DESIGNED FOR YOUR INDUSTRY — ENGINEERED FOR YOU 


MAIL THIS COUPON To Coppus Engineering Corp., 421 Park Avenue, Worcester, Mass. Sales offices 





f in THOMAS’ REGISTER. Other “Blue Ribbon” Products in REFINERY CATALOG. 
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8 REASONS 


for the Superiority 


of G-T Packings 


SIMPLE LINE . . . makes: 


correct selection easy 
COMPLETE LINE... an 
exactly suitable type for 
every service 

S LUBRICATING ... 
each individual strand 
saturated with lubricant 


- SPECIALLUBRICANTS... 


lubricant for each service 
specially compounded in 
our own plant 


»SELECTED YARNS . . 


provide tensile strength 
and resist high tempera- 


ture 
. CONSTRUCTION . . . as- 


sures maximum endur- 
ance, longest life. lowest 
friction 

EXPERIENCE ... 80years 
of manufacturing experi- 
ence. 


8. PERFORMANCE 


proven in thousands of 
plants of every type 
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SIMPLE 


Line ot Packings 















There is no confusing multiplicity of 
style numbers in the G-T line of 
Packings. Eighty years of manufac- 
turing experience have taught us 
that a few types are sufficient to 
provide an efficient packing for 
every need. 

When you standardize on G-T 
Packings, you gain SIMPLICITY... 
of selection ... of purchasing... 
of warehousing . . . of application. 

Simplicity is but one of the 
many important advantages of 
PALMETTO and other G-T Pack- 
ings. In the panel at the left are 
listed features that make these 
packings stay soft... protect rods, 
shafts and stems . . . improve the 
service of packed apparatus... 
reduce annual packing costs. 


GREENE, TWEED & CO. 


Bronx Bivd. at 238 St., New York 66, N. Y. 


Ramet Bes 
PACKINGS 


















at the Gordon gasoline plant, 
in various capacities at Ranger, Pep 
and Longview before his appointme 
superintendent. Kindle came with Tm 
Star in 1926 as chemist at the Pes 
gasoline plant, holding supervisory, 
pacities at Trinidad and Ranger, ppm 
to his promotion. ee 

Chester R. Rogers has been 
superintendent of West Texas play 
and his place as assistant superintende 
of the West Texas area has been fille 
by J. A. Bates, superintendent of Brook 
Plant at Breckenridge. 































PAW Issues Directive on 
Butylenes and Isobutane 


The need for higher yields and 
stricted use of butylenes and isobut, 
resulted in the issuance of PAW Dires 
tive 75, which requires that butylene 
and isobutane be used only in the man 
facture of aviation gasoline, syntheti 
rubber or their components. The diree 
tive also requires refiners and manufa¢ 
turers of natural gasoline to infor 
PAW of the quantities and compositia 
of their hydrocarbon mixtures contaif 
ing butylenes and isobutane that are no 
now being so utilized. 


The object of the order was ex 
plained by Ralph K. Davies, Deputy Pe 
troleum Coordinator, as follows: 

“Butylenes are urgently needed i 
two of the nation’s highest-priority pro 
grams, namely, aviation gasoline and 
synthetic rubber, while isobutane is a 
essential feed stock for aviation gaso 
line manufacture. The need for th 
petroleum raw materials in the aviatio 
gasoline and rubber programs is co 
stantly increasing. Therefore, the pre 
ent directive is issued in order that th 
petroleum industry will be prepared t¢ 
provide them in larger quantities. 

“The directive applies to petroleu 
mixtures of hydrocarbons in which th 
total content of isobutane, butylenes an 















































































normal butane, as determined by labora Tc 
tory distillation, is five percent or mof 

of the mixture. Inasmuch as isobuta ar 
and butylenes are the materials partict a 
larly desired, the directive does 10 

apply unless the content of isobutan n 
and butylenes in the mixture of isobu j 


tane, butylenes, and normal butane is @ 

least 20 percent. In any case the direc 

tive does not apply to individual naturaj. 

gasoline plants producing less than 10; 
gallons per day of total liqut 

products. 

“A large proportion of the usable ism 
butane and butylenes in the counts. 
already is flowing into war productiofie. 
The object of the present directive is TR 
assure the recovery and _ utilization 
war products of those remaining VO 
umes of isobutane and butylenes thata 
worth developing. 

“PAW Directive 75 requires that % 
finers and natural gasoline manufactl 
ers fill out copies of PAW Form 
This form relates to the volume @ 
composition of mixtures now being pf 
duced that contain isobutane, butylemé 
and normal butane and to the facili 
available for recovery and shipme 
thereof. Copies of the form may beé 
tained through the PAW District @ 
fices, and are to be filed with PAW. 4 

“PAW recognizes that exceptioms 
the directive must be granted to ceria 
plants that are already producing OW 
important petroleum war products Of 
present lack the equipment to OBES 


n 
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OLEAN, NEW yorK, U.S.A. 


RK BROS. co., INC. ~ 
ckefeller plaz 2 New York. Do omestic 
ovla-i ry} Houston, 


Export offices: 30 
ffices and Warehouses: Tulsa, 
(122 S. michigan Ave.)i Boston, 
ark, Calif. a7 


Sales 

Texas; Chicag® Wi. 

Mass- (131 Clarendon St.)i Huntington, 

Bicket St.) Foreig" offices: 72 Tur mill st., E- - 
; da Ro que Saenz Pena $32- Buenos yd a. 


London; Avda 

















Make Good 


Piping Better 


3 Types 
Meet Every 


Need 
WeldOlets for butt 





with 





WELDOLETS - 
THREDOLETS 


Cutting Main Pipe 
WeldOlets and/or ThredOlets elim: 
inat haping the main pipe ae 
wee! stall a branch outlet. Fitting 
iled anywhere on the main 


are insta he use of templets. 


pipe without ¢ 


monty used pressures and temperatures 
installe 


welded branch con- 
nections. 


ThredOlets for 
- screwed branch 
EID connections. 
Socket-End 
WeldOlets for socket-type 
welded branch connections. 








Inspection ; : 
WeldOlets and/or ThredOlets Pett : 
inspection of the inside . [end . 
i ion. They perm! 4 
instalind other scrap which might ge 
into the system causing 


damage to 
costly valves and equipment. 





WeldOlets, ThredOlets and Socket-End WeldOlets are suitable for all com- 


in every type of piping system. They are 


d either before or after erection of the main line—and always with ease 


and maanoety. They are equally well adapted to prefabricated or ‘‘on-the-job"’ 
ec 


assemblies. ause of their patented 
flow conditions. Carried in stock for all 
or reducing sizes—and can be furnish 


funnel-shaped intake aperture they improve 


standard pipe sizes up to 12” in size-to-size 
ed on special order in sizes up to 24”. 


Stock fittings are drop forged steel, but to meet special conditions will be supplied 


in Monel, Everdur, Toncan Iron, wrou 


Bulletin WT31 
ThredOlets and 


Forged Fi 





Bonney Forge & Tool Works, Allentown, Pa. 


5 WELDOLETS: 


ght iron, etc. 


ives detailed information about all the advantages of WeldOlets, - 
cket-End WeldOlets. Write for a copy today., 


ttings Division 





| Star Awarded 
July 10, 1943 


’ THREDC)LETS 
Mm Welded Outlehs for Every Cyaing Syslem 

















isobutane and butylenes from the petr. 
leum processed. 

“Other plants may require « ceptions 
because the directive would impose yp. 
necessary hardships. 

“To facilitate prompt action on all te- 
quests for exceptions to the directive 
the district offices of PAW have been 
authorized to grant necessary and jus. 
tified exceptions.” 

Requests for exception and other 
communications concerning the Direc. 
tive and PAW Form 34, should be ag. 
dressed to the Director-in-Charge, Pe. 
troleum Administration for War, in the 
PAW district in which the refinery or 
natural gasoline plant is located, ~ 


ota 
or $ 


Adag 
to sma 
in the ¢ 
dent O 
geles, 
in the 
units 11 
mediun 
lysts 
concer! 
Catal 
for the 
fuels. 
try afte 
provide 
rating | 

Raw 
drous < 
sissipp1 
process 
adsorpt 
a powe 
suit di 
cessing 

Refin 
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“Aute 
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weight. 




























Test Engines Demonstrate 
Behavior of Lubricants 


Pennsylvania State College’s inyesti- 
gational work in petroleum which has 
been under way there for more than a 
dozen years will be supplemented when 
test engines to be used in determining 
the service behavior of lubricating oils 
are added to the equipment of the pe- 
troleum refining laboratory. The Tech- 
nical Advisory Committee of the Penn- 
sylvania Crude Oil Association will pro- 
vide the laboratory with this additional 
tool for research. 
















The laboratory has carried on the so-Mffuel of 
called “bunch tests” on lubricating oils{in com 
for many years and will now supplement {future 
information thus learned by actual en-@fbe in « 
gine runs. Correlation of the results off§military 
each type of test will give the petroleum should 
engineer further insight into the charac-fare nov 
ter and quality of the material and en- 
able him to predict the ultimate per- Fuel 
formance of lubricants in actual motor- 
vehicle operation with a greater degree Save 
of accuracy. The information will then Th 
be available to the manufacturers of 4 
Pennsylvania Grade lubricating oils, re- ae 





finers in the region. Pennsylvania State 


College will conduct numerous tests 0! om Te 
its own in the new equipment to sup- ri 0 
plement fundamental studies. It also ie 
will make studies of production meth- i wa 
ods, designed to increase the output ol eae 
crude oil from the region. nie 
tan Se 
Tide Water Produces New [x\"\ 
Preservative Lubricant Pyle 
0 
Tide Water Associated Oil Com- aed 
pany has developed a_ new lubricatt,Ryo 4 | 
“Preservative Engine Oil,” which hasfexperin 
the property of resisting corrosive a B verizeq 
tack of humid tropical atmospheres or dropper 
sea water immersion. In addition the ful, bu 
oil is classed as providing trouble-free the i. 
engine operation. It is a product ol the M plants - 
Bayonne laboratories. ing twe 
Information concerning developmet Bother ; 
of the lubricant has been outlined by fifuel, by 
the company as follows: _ Bexpecte 
“Lubrication specialists of the Officegi cent, 
of Chief of Ordnance in Washingto" The 
asked the technical men of the petro the Sh 
leum industry to produce an oil which#fof She 
could be used by manufacturers of perime: 
Army equipment to protect engines ol Mand js 
tanks, trucks, jeeps, and other mecha gto loco 
nized ground equipment during ship- he said 
ment overseas, storage in jungles, The 
splashing through the surf of enemy paseo 
beaches. Engines treated with the new that, nm 
oil can be placed in combat operation ‘in ren 
immediately, without being forced neds 
stop at a crucial moment for a change pe 5 
of crankcase oil, perhaps at night "J§%, mig 





of this 
In n 





under fire.” 
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atalytic Units Available 


so Biror Small Refining Plants 
Adaptation of catalytic cracking units 
all re. io small refining plants is now feasible 


rective, B the opinion of Wright W. Gary, presi- 
. been dent of Filtrol Corporation, Los An- 
nd jus geles, manufacturer of the catalyst used 
in the TCC process, Design of these 

other its in sizes small enough for plants of 

Direc. medium size has brought use of cata- 
be ad. sts within reach of these smaller 
ge, Pe. concerns. 

» in the Catalytic processes are responsible 
hry Or: the production of high-octane motor 
jyels. Gary believes the refining indus- 
try after the war will be called upon to 
provide automotive gasoline of 90-octane 
rating and higher. 

Raw material for the catalyst is a hy- 
frous aluminum silicate, mined in Mis- 
ssippi and Arizona. The raw clay is 
processed to increase its catalytic and 
adsorptive properties. It can be used as 
a powder or fashioned into pellets to 
suit different types of catalytic pro- 

















ate 


investi- 
ich has 
than a 
d when 


‘mining 


ng oilsMcessing. 

the pe-™ Refining faces the following automo- 
+ Tech-Mtive demand in the opinion of Gary: 

> Penn- “Automobile manufacturers contem- 


ill pro-M late a light motor, which will deliver 
litionalfone horsepower for each pound of 
weight. Power of this order will require 
the so-Mfuel of quality equal to that now used 
ng oilsffin combat aviation. Thus I believe the 
lement future demand for motor gasoline will 
ual en-™#be in excess of that now required for 
sults of {military use. All refiners, large or small, 
roleumf§should make ready for this. Processes 
charac-Jare now available for assuring this fuel.” 
ind en- 
gruel Development Will 


degree Save Lives on Seas 
then f 
‘ers off Lhe saving of many lives of men on 


‘ils, re- torpedoed ships, as well as the large 
a State ™pact on problems of fuel shortage, 
ests of Wil result from the use of coal-in-oil 
9 sup-§ Uels, one of the newest combustion de- 
't also ’lopments growing up since the war, 
meth-@/o1n V. Pyle told members of the 
tput of American Society of Mechanical En- 
gineers at a meeting of the fuels and 
steam power divisions of the Metropoli- 
tan Section of the Society at the En- 
>w gineering Building, 29 West 39th Street, 
New York, recently. 

Pyle is manager of the steam division 
of the Kennedy-Van Saun Manufactur- 
ingand Engineering Corporation of New 
York. He told how his company began 
ram &xperimenting with “colloidal fuels,” pul- 

verized coal mixed with oil, in 1928 
eres Or dropped these because fuel was plenti- 
on thei fy b . se »ecause fuel was plenti- 
sle-freef ut renewed its experiments when 
of the ‘ war brought the fuel crisis. Two 

Plants are now about to open, one serv- 

ment ing two large paper mills in Maine, the 
»p other a steel mill in Ohio, where the 


Com- 
pricant, 
ch_ has 





ned by = pened in open hearth furnaces, is 
_ gPected to incr : 
Office cent, ease the output 10 per 


ingto" ~The British division of the compan 
pie the Sheffield Coal and Iron aumaten 
which ff of Sheffield, England, took up the ex- 
ers € perimentation when it was dropped here 
xe re is already supplying colloidal fuels 
ae he is ves, power plants and ships, 
les, 8 a Saving of lives of men on tor- 
enemy th eed ships will result from the fact 
ne new Mat, mixed’ with carbon, the oil does 
pes 9 ire remain on the water’s surface. Hun- 
ced 1 reds of lives, lost because men plunged 
chane® oil sinking ships into seas of burning 
ght ° ry might have been saved through use 
of this fucl, Pyle said. 

A mixing the pulverized coal with 


V0. 11 
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POWER PIPING GETS THE 
Serub Bucket TREATMENT 


The dangers of reduced efficiency in _ —_ This assures the dispersement of all 
plant operations due to faulty clean- _—_ foreign matter such as loose dirt, en- 
ing of pre-fabricated piping sub-as- _ crusted sand and scale, etc. Clean pip- 
semblies cannot be toohighly stressed. ing pays dividends. Associated piping 
In Associated shops ALL fabrications, _ is always clean. 

regardless of kind, size or shape, un- Use our organization, experience, 
dergo our standard cleaning opera- _— skill and most modern equipment, 
tion. Pipe bends are turbine-cleaned. to supply your needs in power piping. 


WAR PRODUCTION... This company is engaged in high priority 
war production, proud of its responsibilities and fulfilling them 
to the letter. 





2332 EAST 38TH STREET 
10S ANGELES, CALIFORNIA 


Hes Ne penon creme = 
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the oil, it is ground “finer than Jad; 
face powder,” he said. It is estima 
that 100 million tons of coai waste a 
discarded annually in the anthracite eal 
regions of Pennsylvania alone, he stated 
because this coal has been regarded ag 
too fine for use. It is the ultimate goal 
to reclaim all this wastage. 





These men have helped to solve difficult pumping problems in many 
plants—involving the transfer of liquids varying in characteristics from naphtha to 





Webster Becomes Manager 
Of Abasand Oils, Ltd. 


George B. Webster, who has bee 


pes of industrial 


asphalt. THEY ARE AT YOUR SERVICE 
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CALL THE MAN NEAREST YOU — OR WRITE THE FACTORY. 





ATLANTA, GEORGIA 
W. A. Duncan 
BALTIMORE 16, MD. 
H. O. Link, Jr. 
BOSTON, WALTHAM, MASS. 
W. E. Burke 
BUFFALO, LACKAWANNA 18, N. ¥. 
A. W. Genske 
CHICAGO, ILLINOIS 
Bart C. Young 
CLEVELAND 8, OHIO 
Power Plant Supply Co. 
DAYTON 8, OHIO 
G. E. Schneider 
DETROIT 26, MICHIGAN 
H. E. Oldham 
ERIE, PENNSYLVANIA 
H. D. McClintock 
HOUSTON, TEXAS 
B. M. Vaughn 
INDIANAPOLIS 4, INDIANA 
G. E. Schneider 
KALAMAZOO, MICHIGAN 
Cc. F. Harper 
KANSAS CITY, MISSOURI 
J. J. Heinrikson 
LOS ANGELES, CALIFORNIA 
S. G. Anstey 
MEMPHIS, TENNESSEE 
J. H. Sprenger 
MILWAUKEE 2, WISCONSIN 
A. C. Nydegger 
MINNEAPOLIS, MINNESOTA 
S. P. McElmeel 
NEW YORK 7, NEW YORK 
F. P. Goertz 
OMAHA 8, NEBRASKA 
Interstate Machy. & Sup. Co. 
PHILADELPHIA 4, PENNSYLVANIA 
R. A. Otton 
PITTSBURGH, PENNSYLVANIA 
H. A. Haas 
ROCHESTER 5, NEW YORK 
J. H. Crosier 
ST. LOUIS 3, MISSOURI 
R. F. Leinberger 
SALT LAKE CITY 9, UTAH 
The Lang Company 
SAN FRANCISCO 5, CALIF. 
H. E. Gates 
SEATTLE 4, WASHINGTON 
A. H. Cox & Co. 
SYRACUSE, NEW YORK 
John B. Foley, Jr. 
TAMPA 4, FLORIDA 
Henry G. Carter 
TULSA, OKLAHOMA 
Power Machinery Co. 
WILLIAMSPORT 39, PENNSYLVANIA 








1155 Boulevard, N.E, 
Phone: VE-9501 

614 Glenolden Avenue 
Phone: Lafayette 3922 
24 Tolman Street 
Phone: “Waltham” 3692 
153 Lincoln Avenue 
Phone: Woodlawn 1300 
608 S. Dearborn Street 
Phone: Harrison 1494 
480 E. 120th St., N.E. 
Phone: Liberty 2142 

204 Hopeland Street 
Phone: HEmlock 3474 
1147 Book Buildin 
Phone: Cadillac 3033 
751 Napier Avenue 
Phone: 83277 

3227 Milam Street 
Phone: J.21887 

307 N. Pennsylvania St. 
Phone: Riley 5001 
American Nat'l Bank Bidg. 
Phone: 7380 

421 B.M.A. Building 
Phone: HA 6883 

405 S. Central Avenue 
Phone: Tucker 5758 

697 Hilcrest 

Phone: 4-6054 

1127 North Van Buren St. 
Phone: BRoadway 2888 
808 LaSalle Avenue 
Phone: Atlantic 5605 

71 Murray Street 
Phone: BArclay 7-8338 
1006 Douglas Street 
Phone: Aflantic 0871 
410 Budd Street 

Phone: Bell—Baring 4010 
915 Union Trust Bldg. 
Phone: Court 3752 

33 University Avenue 
Phone: Stone 2654 

1516 Pine Street 

Phone: GArfield 1151 
267 West First South 
Phone: 3-5831 

98 Folsom Street 
Phone: GArfield 7734 
1757 First Ave. So. 
Phone: MAin 1121 

249 Erie Boulevard, West 
Phone: 2-5678 

5505 Branch Avenue 
Phone: S-6587 

200 North Denver 
Phone: 5-2151 

442 Tinsman Avenue 


deputy oil controller of Canada, has bee 
elected vice president and general man 
ager of Abasand Oils, Ltd. He will hayd 
supervision of the plant at Waterways 
Alberta, where oil is extracted from the 
oil-sand deposits. 

He takes the place formerly held by 
Earl Smith, who is returning to Sarnia 
Ontario, to resume his position as tech 
nologist with Canadian Oil Companies 
Ltd. Smith had leave of absence fo 
working at the Abasand plant. 


Calumet Celebrates 25 
Years in Oil Refining 


As evidence of its 25 years in refining 
Calumet Refining Company, Chicago 
has issued a book “Twenty-five Years 
With One Ideal.” 

In a brief foreword the booklet de 
fines the meaning of the company name 
“Calumet,” going on to explain how an¢ 
why it was chosen. Then the reader i 
swished far back into history to follow 
the exciting story of oil and lubricatio 
from the time of discovery to the pres 
ent. Telling about the outstanding sci 
entific and engineering achievement 
in producing petroleum lubricants, the 
booklet also brings out how important 
are Calumet’s contributions to the de 
velopment and perfection of modern re 
fining methods. Here it is learned that 
Calumet carefully selects the crude fo 
its oils, shipping the crude oil in tan 
cars to Burnham, Illinois, where its re 
finery is located. There the crude is re 
fined by an exclusive and unusua 
method into high-grade Calumet lu 
bricating oils. 

Asked to comment on the booklet 
T. A. Telfer, vice president of Calumef 
Refining Company, remarked, “We hop¢ 
and anticipate that this historical ac 
count of our business will be of moré 
than passing interest, because it parallel 





Tu 


Geo. N. Pennington one: a f the e 
YOUNGSTOWN 5, OHIO 3931 Market Street the development and perfection 0 inf 
Industrial Sales & Sup. Co. Phone: 2-2212 high-speed, high-compression automo 
CANADA bile engine. Calumet and the moderq Re 
TORONTO, ONTARIO 1123 Bay Street automobile engine grew up together, s0 
The Arthur S. Leitch Co. Ltd. Phone: Ki. 4166 to speak, and it is our sincere belie o 
bun 4 5 om Phones Marine 7631 that our progress during this quarter 
century has kept pace with, and is 4 on 
conspicuous as, any of the motor-ca 
aici manufacturers.” yo 





POWER P 





Lys 





UMP S 


5 to 750 GPM. Pressures to 300 psi. Temperatures to 600° F. 


HAND PUMPS 
7 to 25 GPM — 54 Models 
Write for Bul‘etin 301 — Facts About Rotary Pumps 


BLACKMER PUMP COMPANY, 20911 Century Ave., Grand Rapids 9, Mich. 


Sh ee : = 


ee 


Rot4 DUMPS 


“BUCKET DESIGN’ “SELF-ADJUSTING FOR WEAR 








Lion Sets Up Public 
Relations Department 


O. P. Hanes has been appointed mar 
ager of the public relations department! 
of Lion Oikt Refining Company, © 
Dorado, Arkansas. The department W4 
recently set up by the company. 

Hanes is a native of Arkansas aM 
had his ‘education in Texarkana pubic 
schools and the University of Arkansas 


. a it] a % 
Since then he has spent 20 years "iy 


fiv P 


1S ae 5: the past 
newspaper work or e | ‘hue 


years he was on the staff of the 
ciated Press in Little Rock. 


3 


Ai 
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SECTION 


HIRES OF YOUR 


TUBE EXPANDEBS 
TUBE CLEANER pei 


ae 1943 REFINERY 
CATALOG FOR 
VALUABLE DETAILS 


ABOUT: TUBE CLEANERS... 
TUBE EXPANDERS.. . CATA- 
LYST CLEANING SYSTEMS... 
FLYCUTTERS ... CALIPERS... 
GAUGES ... POLISHING 
MOTORS... TUBE JIGS 


if you are interested in the use and selection of Tube Cleaners, 
Tube Expanders and Refinery Specialties, you will find a world of 
information in the 20 pages of the Airetool Section of the 1943 
Refinery Catalog ... one of the most complete cataloging jobs ever 
done on this type of equipment. You will find a detailed description 
and explanation of the uses of just the equipment you need for a job 
you want done. 

NOW ... while you are thinking about it . . . look through 
Airetool’s Section in the 1943 Refinery Catalog or write to Dept. R., 
Shuey Bldg., Springfield, Ohio, for information. 


AIRETOOL ““comeany 
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PETROLEUM REFINER 
by 


THE LESLIE LABORATORIES 
Traver Road, Ann Arbor, Mich. 


under the supervision of 
DR. E. H. LESLIE and DR. H. B. COATS 








The abstracts here presented are selected from the current literature of science and 
technology to afford reference to fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade journals are not included. 

Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. 
Complete or limited bibliographies covering special topics by title, by abstracts, or in com- 
plete manuscript, will also be prepared and furnished at reasonable cost by the Laboratories. 





Fundamental Physical 


And Chemical Data 

The Infrared Absorption Spectrum 
and Configuration of Cyclohexane. R. S. 
RASMUSSEN, J. Chem. Phys. 11 (1943) pp. 
249-52. 


The infrared absorption spectrum of cy- 
clohexane vapor was determined (2-14.5). 
The number of bands found in the region 
700-1350 cm.” confirms the chair struc- 
ture (symmetry Dsp) as the most prob- 
able at room temperature. The band en- 
velopes agree well with those predicted 
by the theory of Gerhard and Dennison. 


The Phase Transformations of Nor- 
mal Paraffins. C. G. Gray, Inst. 
Petr. 29 (1943) pp. 226-34. 

A study of the solid phase relation- 
ships in the normal paraffins throws 
some interesting light on a number of 
difficulties and apparent inconsistencies 
in the literature on the crystallography 
of petroleum waxes. The crystallog- 
raphy of the pure n-paraffins is in itself 
a subject of some complexity; it is 
therefore not surprising that the inter- 
pretation of results on commercial waxes 
is full of pitfalls. Studies that have been 
made show that polymorphism is com- 
mon in such compounds, and that crys- 
talline transitions frequently occur in 
the solid phase. The solid phase transi- 
tions have been studied in some detail 
by various experimenters, each working 
with a more or less restricted range of 
compounds, but no attempt appears to 
have been made to correlate the re- 
sults observed in these restricted zones 
and to form a complete picture of the 
solid phase relationships for a given 
class of compound. This task is at- 
tempted for the normal paraffins in the 
present paper. A phase diagram is given, 
and is advanced as being in accordance 
with the available data on the melting 
and solid-phase transitions of the nor- 
mal paraffins, Theoretical considerations 
lead to the formula T—A-B/ (n-1) for 
the relationship between melting point 
and number of carbon atoms in those 
n-paraffins in which the a form is stable 
at the melting point. The formula is ap- 
plicable over the range n — 20-36 in- 
clusive, and is in excellent agreement 
with observed values. Above Css the re- 
lationship between melting point and 
number of carbon atoms is of a different 
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type, and the curve for melting point in 
this zone continues as a transition 
(a <-— B) in the solid phase below Cx, 
suggesting that the B form is stable at 
the melting point above Cy. The upper 
transition line in the zone Ca-Css is prob- 
ably the continuation, as a transition 
(a <-— Y) in the solid phase, of the 7 
melting-point curve for even paraffins 


below Co. 


Raman Spectra of Hydrocarbons. III. 

Diisobutylene, Cyclohexene and Dip- 
entene. F. F. CLEeveLAND, J. Chem. Phys. 
11 (1943) pp. 301-6. 
Raman frequencies, relative intensi- 
ties, and depolarization factors are tabu- 
lated for diisobutylene, cyclohexene and 
dipentene. The results obtained in the 
work are compared with previously pub- 
lished data for 6 olefins. 


Molecular Weights of High Polymers. 
M. L. Huceins, Ind. & Eng. Chem. 35 
(1943) pp. 980-86. 

Methods for the estimation of molec- 
ular weights of high polymers from data 
on properties of their dilute solutions are 
critically discussed. The equations gen- 
erally used for the calculation of molec- 
ular weights from osmotic pressure or 
cryoscopic data are valid only at in- 
finite dilution; their use with data ob- 
tained at finite concentrations leads to 
large errors, if the solute molecules are 
large. The use of Staudinger’s rule to 
obtain molecular weights of high poly- 
mers is, theoretically and experimen- 
tally, unjustifiable, for most polymer- 
solvent systems at least. A more useful 
relationship is presented. 


Chemical Compositions 


And Reactions 

Preparation of Cyclopentane from an 
Oklahoma Natural Gasoline. J. W. 
Tooke, Ind. & Eng. Chem. 35 (1943) pp. 
992-3. 

_ The application of precise fractiona- 
tion to a pentane-hexane fraction of 
natural gasoline from the Burbank field 
has led to the isolation and testing of 
cyclopentane in high concentration. The 
best sample contained 95 percent of cy- 
clopentane; a 44-gallon composite con- 
tained 91 percent. The amount of cyclo- 
pentane in the original pentane-hex- 


ane stock is estimated to be 5.7 percent 
in the 12-pound Reid vapor pressure 
natural gasoline, 2.4 percent. The datz 
secured in the work are presented i 
graphical and tabular form. 


Hexahydroxybenzene and Some of It 
Derivatives. I. E. NErrert AND E. Bar 
tow, Jour. Amer. Chem. Soc. 65 (1943) 
pp. 1770-72. 


Hexahydroxybenzene was prepare 
by the action of hydriotic acid on alco 
holic solutions on tetrahydroxyquinon¢ 
with a yield of 70 percent. Fatty acid 
esters of hexahydroxybenzene, from th¢ 
acetate to the normal caprate, were pre 
pared. Additional compounds of hexa 
hydroxybenzene with aniline, m-chloro 
aniline, p-chloroaniline, o-toluidine, m 
toluidine and p-toluidine were made 
Two molecules of the amino compound 
combine with one of hexahydroxy 
benzene. 


Manufacture: Processes 
And Plant 


Equilibrium Flash Vaporation © 
Three Petroleum Fractions. W. C. Ep 
MISTER, J. C. REmEL AND W. J. MERWIN, 
Trans. Amer. Inst. Chem. Engrs. 39 (1943) 
pp. 457-89. 


The phase relations of petroleum! 
fractions are frequently required in con 
nection with the production, transporta- 
tion and refining of petroleum. Because 
of the complexity of petroleum, thes¢ 
phase conditions are predicted by em- 
pirical correlations based on exper 
mental equilibrium flash vaporization 
data. Existing correlations are particu 
larly weak at pressures greater than 
atmospheric and in the prediction 0 
the properties of the equilibrium liqu 
and vapor. In order to provide exper 
mental data on which to base the devel 
opment of improved correlations, equ 
librium flash vaporization runs were 
made on three petroleum fractiOms 
These runs were made at various se 
sures up to 200 pounds/square 1m@® 
A.S.T.M. distillations were obtained 0 
the equilibrium vapor and liquid, 
true boiling point distillations were 
tained on the feed stocks. A comparison 
of the data and predictions from ex 
ing correlations indicates that improve 
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The Peabody Air Heater 
was ready when the de- 
mand became urgent for 
large output of rubber and 
aviation gasoline compo- 
nents. 

Air heaters are being 
furnished as complete 
units, including furnace, 
fuel burner and all re- 
quired controls. They are 
built for low or high working pressures and for any air 
delivery temperature. 


<> 
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Specifications in frequent demand range from 3 to 50 
psi and from 1000° to 1500° F. 


The fuel —gas or oil— burns directly in a portion of the 
air stream to be heated. The final temperature is controlled 
by tempering the combustion air with the balance of the 
air stream before reaching the furnace outlet. The burner 
may be ignited while the furnace is under pressure. Parts 
that require inspection are accessible. 


The Air Heater delivers the same high standard of per- 
formance expected of all Peabody Equipment, permitting 
use of small furnace dimensions and compact design. In- 
quiries are invited for all applications involving the heating 
of gases. 


ENGINEERING CORPORATION 
PEABODY 580 FIFTH AVENUE «+ NEW YORK 
Oe ae ce ee eh ol oe ro 
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ments should be made in the corgel. 
tions. 3 










Effect of Free Convection on Vigcon: 
Heat Transfer in Horizontal bes. 
D. Q. Kern anv D? F. Orumer, Trapp: 
Amer. Inst. Chem. Engrs. 39 (1943) 
517-55. 


The effect of free convective moye. 
ments in the liquid body has usually 
been neglected in the study of heat 
transfer to liquids flowing in tubes, A 
study of the factors inducing free eon. 
vection indicates that, in many instances 
of viscous flow, additional heat trans. 
fer is obtained over that normally cal 
culated. Under appropriate conditions, 
the free convective transfer may far ex- 
ceed that by forced convection and a 
considerable saving can be effected in 
the sizing of equipment if designers 
give primary weight to this type of 
heat transfer. Design for free conver- 
tion differs radically from the general 
commercial practice since low velocity 
and large tube diameter are important 
considerations. Three oils were em- 
ployed in three interchangers of differ- 
ent tube diameters in which the in- 
duced free convection was from 100 to 
380 percent of that obtainable from 
forced convection correlations alone. 
Furthermore the extent of free convec- 
tion was found to be a function of the 
Reynolds number, The apparatus used 
in the experimental work is shown di- 
agrammatically and is described in con- 
siderable detail. Data secured in the 
work are presented in detail in tabular 
and in graphical form. ‘ 


































































































Contamination by Successive Flow in 
Pipe Lines. F. C. Fow er anp G. G 
Brown, Trans. Amer. Inst. Chem. Engrs . 
39 (1943) pp. 491-516. abs 


In the transportation of different 
flluids in pipe lines, it is customary to 
pump one product immediately after 
the other. This leads to contamination of 
a portion of the material delivered from 
the far end of the pipe line. The paper 
reports experimental work in the labora- 
tory under conditions where the con- 
taminated portion can be determined 
with much greater precision than 1s 
possible in commercial lines. Fluids used 
were water and salt solutions of almost 
identical physical properties covering 
viscosities from 0.8 to 1.5 centipoises, 
Reynolds numbers from less than 2 
to 19,800, and length divided by diameter 
ratios of from 200 to over 10,000. In 
the laminar flow region the contamr- 
nated portion was found to be inde- 
pendent of Reynolds number as 1s indi- 
cated by a theoretical analysis. In turbu- 
lent flow the contaminated portion cam 
be computed by the following equatiOn Hy tun agg 

logw (contaminated portion) = logw eae 


L 
(pipe volume) —0.4 logi\ > +c 


in which c is a function of the Reynolds " 
number and the range in instantaneds Rit 
composition defining the contaminates “ine 
portion. The equation is applied to com 
mercial pipe line data covering ws ! 
transportation of oil products, — 

the average Reynolds number, of the 

two products in the above equation. *"" 
commercial data cover viscosities vary 

ing from 0.51 to 7.4 centistokes, cor 
responding to Reynolds numbers er 
27,000 to 610,000 (average Reve 
numbers from about 55,000 to 537, 
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The large photo above shows an Elliott mechanical drive 
turbine with built-in reduction gearing. This type of unit 
is in wide use. The smaller photo shows a larger unit, the 
gear assembly being coupled. 
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THE THUNDERING SKIES OVER NAZIDOM 
grow ominously blacker, in spite of U- 
boats, ‘‘flak’’, and enemy fighter planes. 
America’s high-octane ‘‘gas’’ is largely 
powering the rain of destruction now blast- 
ing the industrial heart of enemy Europe. 


The production of this Victory-making 
gasoline utilizes large numbers of Elliott 
mechanical drive turbines, many with ac- 
companying reduction gears. These units 
are used on refinery pumps everywhere, 
and for power plant drives. 
wherever 


GEARED TURBINES — 


speed other than the best operating speed 
of the turbine. 


Elliott mechanical drive turbines are uni- 
versally favored as sturdy, dependable 
drive units. Where geared reduction is 
needed, Elliott builds both gear and tur- 
bine, the two elements being separate in 
the larger sizes, but in smaller sizes the 
gears are built-in ard actually part of the 
turbine assembly in a compact, space- 
saving unit. 

If you have an application for a direct- 
connected or geared turbine, Elliott has 
the unit to fit. Write us. 


ELLIOTT COMPANY 
Steam Turbine Dept. * JEANNETTE, PA. 


DISTRICT OFFICES IN PRINCIPAL CITIES 











In strategically located cities from Boston to Dallas, and from New York 
to San Francisco, there are thoroughly experienced R-S Valve engineers who 
are eager to assist in the simplification of valve installations, willing to 
recommend the type of equipment best adapted to a particular control or 
shut-off condition and cooperative in pointing out possible changes in 
present equipment that will effect greater efficiency and economy. 


Carefully selected for their engineering ability and experience in the in- 
stallation and operation of valves, these men have been especially trained 
in the selection of alternate metals for resistance against heat, abrasion and 
corrosion as well as the application of R-S Valves under high or low pres- 
sures and temperatures whether the medium to be controlled is air, gas, steam, 








liquids or semi-solids. 


The R-S representative 
is at your beck and call. 
Telephone the one nearest 
you for prompt service. 


No. 502 


20-inch,125 pound 
American Standard 
Valve, hand wheel 
control, ball bear- 
ing mounted with 
stuffing box. 


* 
15 to 900 psi 





Atlanta, Ga. 
C. E. JOHNSON & ASSOCIATE, Bona Allen Bidg., Walnut 4571 
| Baltimore, Md. 
| KONE ENGINEERING CO., 11 W. 25th St., Belmont 0138 


Boston, Mass. 
W. B. PARSONS CO., 10 High St., HUBrd 4119 
Buffalo, N. Y. 
R. W. CRANE, 37 Parkwood, Kenmore, N. Y., DELawr 8141 
Charlotte, N. C. 
| LYDON-COUSART COMPANY, 304 Builders Bidg., Phone 3-4481 
f Chicago, Ill. 
W. P. NEVINS CO., 53 W. Jackson Blvd., Harrison 1473 
Cincinnati, Ohio 
H. T. PORTER CO., 1413 Union:Central Bidg., Main 1299 
Cleveland, Ohio 
ASHMEAD-DANKS CO., Rockefeller Bidg., Main 6192 
Des Moines, lowa 
PRODUCTS, INC., 1006 Liberty Bidg., 4-0777 
Detroit, Mich. 
SPURGEON COMPANY, 5050 Joy Road, Tyler 7-2750 
Houston, Texas 
POWER SPECIALTY CO., 1042 Mellie Esperson Bidg., Preston 5384 
Indianapolis, Ind. 
POWER PLANT EFFICIENCY CO. 
Union Title Bidg., Market 4617 
Los Angeles, Calif, 
BUSHNELL CONTROLS & EQUIPMENT CO. 
117 W. 9th St., Vandike 1359 








F. H. YOCUM-A. H. GOODE, Graybar Bidg., Murray Hill 5-3370 


Milwaukee, Wis. 
KRENZ & COMPANY, 5114 W. Center St., Hilltop 2983 


Minneapolis, Minn. 
GEO. R. MELLEMA, 4234 Grimes Ave. So., Walnut 6984 
New Orleans, La. 
JOHN H. CARTER CO., 1013 Canal Bidg., Magnolia 1847 


New York City 


Philadelphia, Pa. 
SHEFFLER-GROSS CO., Drexel Bidg., Lombard 4900 


Pittsburgh, Pa. 
J. F. HALLOWELL, Columbia Bidg., Court 5362 


Rochester, N. Y. 
GEO. VAN VECHTEN, 217 East Avenue, Stone 4164 


St. Louis, Mo. 
RUSSELL PATTON, 3020 Olive St., Franklin 2836 


San Francisco, Calif. 
BUSHNELL CONTROLS & EQUIPMENT CO. 
Mills Tower, 220 Bush St., Exbrook 1102 


Seattle, Wash. 
M. N. MUSGRAVE & COMPANY, 2019 Third Ave., Eliot 4425 


Tulsa, Okla. 
DOUGLAS FRAZIER, 1524 So. Gary Place, 6-0384 


Washington, D. C. 
A. BURKS SUMMERS 
411 Colorado Bidg., 14th & “G” Sts., N.W., Republic 7231 . 
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VALVE DIVISION 


R-S PRODUCTS CORPORATION 


120 Berkley Street « 
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Philadelphia 44, Pa. 


BUTTERFLY VALVES 








and length over diameter ratios of 437. 
000 to 1,765,000. 


New Approach to Continuous Reactor 
Design—III. A. BrorHMAN, A. P. Wap 
AND E. Z. Bartsu, Chem. & Met. Engy; 
50 (1943) pp. 113-16. 


In two preceding articles of this ge. 
ries, the mathematical derivation of , 
new approach to the design of continy. 
ous processing equipment for handling 
liquid-phase reactions was presented. 
The authors believe that these methods 
permit the engineer to determine the 
performance of such equipment with 
more certainty than could previously 
be done. In the present article a plant 
comprising ten identical reaction vessels 
is considered. The capacity of the equip. 
ment is determined for a typical reac- 
tion when the vessels are operated 
batchwise or continuously with four 
different arrangements, It is also shown 
that for a constant throughput, the va- 
rious arrangements contribute to various 
degrees of completion of the reaction. 
The purpose of the work was to study 
the unit operation of liquid-liquid ex- 
traction in general, and the extraction 
of aqueous solutions in furfural in par- 
ticular. 


Extraction of Furfural - Water Solu- 
tions with Toluene in a Packed Column. 
O. S. Knicut, Trans. Amer. Inst. Chem 
Engrs. 39 (1943) pp. 439-56. 


Equilibrium distribution data for the 
furfural-toluene-water system at 25°C. 
are presented, together with details of 
the method by which they were ob- 
tained. Furfural was shown not to be 
a blending agent for toluene and water. 
A packed extraction column made of 4 
inch standard iron pipe and having an 
effective length of 13.58 feet was used in 
the work. Extraction data on 5 percent 
solutions of furfural in water as the con- 
tinuous phase, and toluene as the dis- 
continuous phase, with %-inch Berl sad- 
dle packing are tabulated and discussed. 
Flow rates of the aqueous phase, calcu- 
lated to pure water, varied from 874 to 


| 3930 Ib. (sq.ft.) (hr.), with throughput 





weight ratios of water to toluene, vary- 
ing from 0.84 to 6.35. Correlations using 
the H.T.U. method are included; the re- 
sistance of the toluene film was shown 
to be negligible. The data can best be 
represented by the equation | Re 
—rTT — 28 (=) - 
(H.T.U.)ow = 2. Gs 
in which (H.T.U.)ow is the height of an 
overall transfer unit, as feet, based on the 
driving force in the water film. High 
rates of flow of the continuous phase 
gave lower (H.T.U.)ow values than pre- 
dicted by the equation. 


Butadiene Production Gets Underway 
at the Plant of the Southern California 
Gas Company. H. L. Masser, Gas 19 
(1943) pp. 21-4. 

The Southern California Gas Commay 
converted an oil-gas plant to on 3 
about 21,000 barrels per day of nap “rt 
and was designed to produce appiow 
mately 35,000 short tons of butadies 
per year, The equipment and opera 
are described in some detail, with qua 
titative data on raw materials, yieM® 
and costs. 


On the Mechanism of Catalytic Hy- 
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Cleaners, equipped for one-man operation, 
are indispensable. By giving the operator 
full control of air, you can not only release 
his helper for other work, but actually en- 
able him to do a better, faster job. There 
is no time lost signalling a helper at a re- 
mote point to turn air on and off, saving 


many hours on the entire job. Whatever 


Roto Model 135 air-driven motor with your tube cleaning requirements are, Roto 
swing-frame head and air valve for is ; ; ; 
one-man operation. can fill them satisfactorily. 








Wherever labor shortages exist, Roto Tube | 





drogenation, E. K. Rmeat, Chem. & Ing 
62 (1943) pp. 335-8. 


The paper constitutes a review of the 
progress that has been made in catalytic 
hydrogenation since the work of Saba. 
tier. At not too elevated temperatures a 
metal on exposure to hydrogen is imme. 
diately covered with a layer of chemi. 
sorbed atomic hydrogen or hydride and 
about 8 percent of voids or holes are 
left in the surface. At higher hydrogen 
pressures molecular hydrogen can be 
adsorbed on the top of this hydride suyr- 
face, one layer over the holes where the 
adsorptive forces are strong, and finally 
a layer over the rest of the surface, Ip 
time penetration and diffusion of the hy- 
drogen in the atomic or ionic state into 
the bulk of the metal takes place. In the 
chemisorption on substances such as 
ethylene and acetylene there are two 
possibilities: either, as in the case of am- 
monia, chemisorption may occur with 
dissociation on the surface into a radi- 
cal and hydrogen atom, or it may take 
place through the opening of the double 
or triple bond and attachment to two 
neighboring surface atoms. From a 
study of the exchange reactions be- 
tween deuterium and ethylene and its 
homologues, Dr. Twigg has shown that 
the second of these possibilities is the 
correct one. When ethylene and deu- 
terium interact on a_ nickel catalyst, 
there is not only the normal hydrogena- 
tion, but also an exchange between the 
deuterium and the light hydrogen atoms 
of the ethylene, with the formation of 
various deutero-ethylenes. In the case of 
the higher olefins migration of the dou- 
ble bond should take place under condi- 
tions where exchange occurs. In the case 
of propylene, the double bond will 
change its position from carbon atoms 2 
and 3 to carbon atoms 1 and 2. This has 
been clearly demonstrated by using the 
butenes. When butene -1 and hydrogen 
are in contact with a nickel catalyst, the 
more stable butene -2 results. If hydro- 
gen is absent no migration of the double 
bond takes place. This would be ex- 
pected since hydrogen is essential for 
the formation of the intermediate nickel- 
alkyl radicals. The discussion is of sig- 
nificance in connection with catalytic 
hydrocarbon cracking. In_ connection 
with hydrogenation itself, the balance o! 
the evidence at present favors the view 
that catalytic hydrogenation proceeds 
through the addition in one step of an 
undissociated molecure of hydrogen. On 
several catalysts in which the distance 


| between the metallic atoms is suitable, 
| ring closure takes place comparatively 





| readily in the case of hydrocarbon. Thus 


n-heptane yields toluene in high yield 
on a catalyst of chromium oxide, The 
first product is a mono-olefine that 1s 
held to the catalyst by two-point con- 
tact. Migration of the double bond takes 
place by the mechanism of the half hy- 
drogenated state. When the double 
bond is in a suitable position the ring 
closure can take place according to the 
mechanism explained. This is followed 
by further dehydrogenation to the aro 
matic hydrocarbon. Considerations 0 
probability coupled with this genera 
conception have enabled the calculation 
of the velocities of aromatization for 
feed materials possessing different com 
figurations. Treatment for cyclisation ° 
n-octane is discussed. Sabatier, by his 
studies on the reactions of carbon mom 
oxide and hydrogen, laid the foundation 
of the work which in the hands 0 
Fischer and Tropsch was to —<_,. 
into what is at present one of the 
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Aide-de-Camp to a 


“CAT CRACKER” 


40 


To Dete...T 


Buell cyclones have been 
adapted for oil catalyst 
recovery in 37 catalytic 
cracking units. 


Buell Dust Recovery Systems help make 100-octane gas... 


“CAT CRACKER” is the oil industry’s nickname 
for the new catalytic cracking processes now pro- 
ducing high-octane gas— processes calling for the 
highest efficiency in the recovery of catalyst dust. 
It is significant that so many leading oil com- 
panies have chosen Buell (van Tongeren) Dust 
Recovery Systems for this important work. 

The remarkable natural and synthetic catalysts 
used are both expensive and abrasive. Buell equip- 


For a complete description of the theory and operation of 
the Buell (van Tongeren) cyclone, write for Bulletin G-842. 


BUELL ENGINEERING COMPANY, INC. 
Suite 5000, 6 Cedar Street, New York 5, N. Y. 


Sales Representatives in Principal Cities 


BUY ¥”7AR BONDS AND MAKE THE AXIS BITE THE DUST 
November, 1943—A Gulf Publishing Company Publication 


ment (incorporating the exclusive van Tongeren 
“shave-off’) pays for itself many times over in the 
recovery of the costly, finely divided catalyst. And 
Buell’s large-diameter, extra-heavy metal cyclones 
eliminate clogging and reduce abrasive wear—for 
long life and continuous performance. 

Here, as in so many other fields, Buell leader- 
ship has again demonstrated its ability to solve 
difficult dust recovery problems. 




















CONDENSER SLIME 





Youdon'tneedsteamtables to tell 
you that vacuum loss in the con- 
denser has a critical effect on tur- 
bine output. That extra capacity 
you need may well be available 
now in your present unit. 

Slime coated condenser tubes 
aren't inevitable! Nor is the an- 
swer to plug condenser tubes, 
with attendant outage and man- 
hour loss. That is only temporary 
improvement. 

Wallace & Tiernan Intermit- 
tent Desliming Process keeps your 


WA 


condenser tubes clean, eliminates 
costly cleaning, maintains vac- 
uums at or above manufacturer's 
guarantee even in seriously pol- 
luted waters, keeps the unit on 
the line. 

Wallace & Tiernan engineers 
will gladly place their experience 
in solving severe sliming of con- 
densers in hundreds of large cen- 


tral stations and industrial plants | 


at your disposal in solving your 
problem. Why not get in touch 


with Wallace & Tiernan today? | 
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world’s most important industrial Proc. 
esses. The basic reaction is well known: 
carbon monoxide and hydrogen in ap- 
propriate ratio when passed over , 
thoria catalyst yield a series of norma! 
aliphatic hydrocarbons with a high ole. 
fine content in the low boiling fractions 
The sequence of the reactions involyed 
is given. Methylene radicals are formed 
and the next stage in the reaction is the 
linking of these radicals in the growth 
of a chain, It is found that a single yal. 
ued probabilitv function serves to de. 
termine the course of events and thus 
define the composition of Fischer. 
Tropsch synthesis hydrocarbon, 


The Permeability of Porous Solids to 
Gases and Liquids. L. GruNpeERcG anp 
A. H. Nissan, Jour. Inst. Petr. 29 (1943) 


pp. 193-225. 


The fundamental principle governing 


| the flow of fluids through porous media, 


when the flow is in the viscous region, 
is known as Darcy’s law. The object of 
the investigation was to test the validity 
of Darcy’s law for rock samples, which, 
due to their small pore diameter, give 
non-turbulent flow. Oolitic limestone 
was chosen, which had approximately 
73 percent of its total porosity in the 
form of micropores, with an equivalent 
diameter smaller than 0.005 mm. The re- 
sults were to be correlated with tests on 


limestone, magnesium limestone, fine 
sandstone, and coarse, well-cemented 
sandstone. The apparatus used is de- 


scribed in detail and the results are pre- 
sented in tabular and graphical form. It 
was concluded from the work that the 
permeability of porous media to gases 
and liquids presents two different prob- 
lems and in the present work no corre- 
lation was found between the two. Per- 
meability to gases is dependent mainly 
on Reynolds’ number, which at small 
values gives rise to maxima and minima. 
For the higher values of Reynolds’ num- 
ber, but preceding the turbulent re- 
gime, permeability assumes a constant 
value corresponding to viscous condi- 
tions, Thus for low rates of gaseous flow 
in rocks, tests should be carried out at 
Reynolds’ numbers corresponding to 
those obtaining underground. The Reyn- 
olds’ number can be taken simply as the 
volumetric rate of flow per mnit area 
of sand, the area being perpendicular to 
the main line of flow. In other words, 
the mean linear speed of the gas is taken 
as the Reynolds’ number. It is further 
recommended that tests be carried out 
under a mean pressure equal to that ex- 
isting underground. Permeability to lig- 
uids is dependent not only on the vis- 
cosity, but also on other properties 0! 
the liquid that cause a variation in the 
effective cross-section of the pores 
under viscous flow. The coefficient o! 
permeability assumes different values 
for different liquids having different sur- 
face-tension values. A single curve was 
obtained for the different liquid used by 
plotting against the criterion 
po 

The permeability also varies with the 
temperature for the same kind of liquid, 
but a correction for this may be obtained 
for each liquid: 

K =a-bt’ C. 
ai - bi ¢” F. 
Further work is required to make these 
equations universal. The effects of tem- 


ll 
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— Not a single service failure reported in 8 years 
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e re- Picking a heat exchanger tube alloy? Then consider this out- 
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fine standing performance record. Millions of pounds of Chase 
—_ Antimonial Admiralty tubes in service. Many of them in- 
is de- ? , ‘ " 
e pre- stalled in 1935 — and still going strong. Not one failure has 
e | poms 5 
+ ‘s been reported from dezincification, stress corrosion, or inter- 
a 1¢ e . . 
gases crystalline cracking. Excellent resistance to sulphur attack. 
prob- Oil-side and water-side protection combined in a single alloy. 
-orre- , 
“a. Doesn’t that give you most of the facts you need? You can 
—_ get the rest of the story quickly and easily — just phone the 
ar nearest Chase Sales Service ‘Office for full information on 
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A”“WILSON” 
CLEANS ALL! 


There is a Wilson Tube Cleaner and Wilson Accessory 
especially designed for quickly, thoroughly, and economi- 
cally cleaning tubes of any size—from tubes as small as 
¥e” |.D. to the largest tubes which can be cleaned by 
mechanical means. 

Wilson Tube Cleaners and accessories are up-to-the- 
minute in design, materials, workmanship, and operating 
efficiency. Nothing is omitted which can add to their speed, 
power and long life. They meet the many difficult tube 
cleaning problems of today and quickly conquer them all. 

Wilson Tube Cleaning Equipment is available for clean- 
ing any straight or bent ferrous or non-ferrous tube, of 
large or small diameter, faster, better, more economically. 
It saves power, tubes, and labor. 

Write for the name of our representative nearest to you 
and learn how Wilson Tube Cleaners and Wilson Engi- 
neering Service can solve your tube cleaning problems; or 
send for a copy of our 40-page catalog which fully de- 


scribes and illustrates the complete line of Wilson tube 


cleaning equipment. 
Representatives in all Principal Cities 


BACK THE ATTACK! BUY WAR BONDS AND STAMPS! 


THOMAS C. WILSON, Inc. 


PIPE AND TUBE CLEANERS EXCLUSIVELY 


THE WILSON BUILDING 





21-11 44TH AVE. 





LONG ISLAND CITY, N.Y. 








perature are fully accounted for in ¢h 


criterion : 
B 
(4 


For correlation with the same liquid at 
different temperatures the more specific 
temperature equation must be used, 


Painting Underwater Steel. C. Guippoy : 
AnD A. J. Cuasot, Eng. J. (Canada) 6 
(1943) pp. 341-2. 


The use of a combination of red lead 
undercoats with thick bituminous top- 
coat is the only covering that has shown 
no tubercles or other rust formation on 
the steel after tests of 6 years duration 
of continuous underwater exposure inf 
the Gatineau river. Other paints and - 
coatings tested showed rust tubercles 
in 6 months to 1 year after application, 
The procedure used in applying the pre- 
ferred coating is described in some 
detail. 


Products: Properties bs 
And Utilization @ 


Potential Service Performance of Lue 













bricating Oils. G. W. Waters ann E, C, 
Larson, Ind. & Chem., Anal. Ed. 15 (1943) 
pp. 550-59. 


The corrosion and stability apparatus 
and method of test are introduced as 
means for the preliminary evaluation of 
the quality of lubricants. The distinctive 
feature of the test is the use of a felt 
wiping action on the bearing surface to = 
simulate the action of the journal in the 
engine, Application of the test to twenty 
oils upon which extensive engine data 
have been reported establishes it as ca- 
pable of predicting the oxidation stabil- 
ity and potential corrosivity of lubri- 
cants with accuracy sufficient to war- 
rant the use of the test as a useful and 
reliable tool, both in research and con- 
trol, in order to eliminate much of the 
more costly and time-consuming engine 
testing. The apparatus is described in 
considerable detail and experimental re- 
sults are presented in tabular form. 


X-ray Studies of Paving Asphalts. 
C. L. Wiirorp, Bull. Agr. Mech. Coll. 


Texas, Texas Eng. Expt. Sta. Bull. No.7? 
(1943) pp. 7-70. 

X-ray diffraction patterns were ob- 
tained on samples of commercial Texas 
and Arkansas asphalts (90, 135, and 230 
penetration), 135 penetration asphaie 
prepared in the laboratory from Gu 
Coast, Mid-Continent, Pennsylvania, 
Californian and Mexican crude oils and 
Trinidad lake-asphalt. Comparison of in- 
tensity curves showed important differ- 
ences in the small-angle scattering, 
which indicates differences in te 
amount of discrete particles presses 
in the asphalt, Those asphalts © 
known satisfactory performance in art 
tice showed the most pronounced sma 
angle scattering. For purposes of = Oilis th 
parison x-ray patterns and intensity Pe 
curves of paraffin wax, petrolatum, a5 go War, | 
phalt with added asphaltenes, bares fies, gai 
asphalt, coke from asphalt, graphite ail Nee 
coal-tar pitch were also obtained. A = F 
relation was found to exist between SUF Bol to re 
fur content and small-angle scattering Nisin 
and it was concluded that the — - 
of colloidal asphalt particles in om Petroleu 
sion increases directly with the sw . ob, Ags 
content; the best paving asphalts — a 
the highest sulfur contents. Data ma | 
given on molecular weights and spec os ts num 
gravities. No relationship was foun ind ind, 
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Oil is the y ery life blood of our weapons 
of war. Practically everything that rolls, 
es, sails or shoots needs an inexhaust- 
ble supply of petroleum—from crude 
Oil to refined products. 


Themagnitude of this global war presents 
Petroleum refiners with a tremendous 
job, Assisi ng them in this colossal task 
’ Dow Caustic Soda. So important are 
Me mumer: us applications to refining— 
ind industry generally—that it is uni- 


versally recognized as an indispensable 
chemical product. 


Three plants—in the Gulf South, the 
Middle West, and “‘somewhere on the 
West Coast’”—are now busily engaged 
in supplying industry’s wartime demand 
for Caustic Soda. When Victory comes, 
Dow’s production facilities will be ready 
to serve industry with this Dow chemi- 
cal, distinguished for quality and 
dependability. 


HE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


York Cit ; 


Chicago «+ St.Louis +» Houston + Sanfrancisco + tLosAngeles + Seattle 


CHEMICALS INDISPENSABLE 


TO 


INDUSTRY AND VICTORY 








tween specific gravity and molec 
weight. A correlation of specific g 


and sulfur content indicates that 
factory paving asphalts should hay 


specific gravity of 1.00-1.04. Spee 
gravities over 1.04 indicate the preseng 
of cracked material. Specification lig) 


recommended are: Asphaltenes 199% 
resins 30-42, oil 40-50 percent. The ay 


2 : : 
thor recommends the inclusion of xegg 
ncrease a acl characteristics in specifications becapes 
they permit distinguishing asphalt 
meeting identical conventional specif. 


cations such as sulfur content, contenp 
‘“‘A Texas Refiner writes that John of asphaltenes, resins and oil and spe 


cific gravity. 





























Effect of Petroleum Products on Neo. 
prene Vulcanizates. D. F. Fraser, Ind, & 


his boiler capacity 100%, with- Eng. Chem. 35 (1943) pp. 947-8. 


As _ with other petroleum products, 
out flame impingement on tubes the aniline point can be used to indicate 

the swelling effect of commercial gage 
lines on neoprene vulcanizates. It cap 
— they are entirely satisfactory | also be used as a criterion of the swell 
in power of kerosenses. However, it js 
in every way.” felt that the Diesel index is a more pre- 

cise indication for products havin 
A.P.I, gravities greater than 40, This 
may be particularly true in the case of 


recently proposed aromatic aviation gas. 

ij oline blends. Data are given for 15 hy- 
ecaltures o drocarbon products covering gravity, 
aniline point, Diesel index, refractive in- 


dex, and maximum volume increase of 
Neoprene at 27.8° C. 


—S Nh 
CENTER-FIRED REGISTER TYPE co 22 es 
TurNeER, J. P. HAwortu, W. C. SMitH 


AND R. L. Zapp, Ind. & Eng. Chem. 3% 
(1943) pp. 958-63. 


In the manufacture of most rub- 
ber articles, pigments are employed, 
and of these the carbon blacks 
are most important and are used im 
largest volumes. The carbon blacks, 
especially the channel and _ furnace 
types, are important because they 
enhance certain physical proper- 
ties. The effect of carbon black on vul- 
canizates of either natural or synthetic 
rubber can be controlled by particle 
size, the chemical nature of the surface, 
or the “structure” of the black, either 
separately or in combination. Whereas 
| in natural rubber compounds one 0! 

these may have been considered of pri- 
| mary importance, in the synthetics one 
of the others may be more important 
Since natural rubber is now being re 
placed by synthetics, it is desirable t 
know how they respond to different 
types of carbon black, The paper pre 
sents data obtained on Butyl rubber by 
varying the type and concentration 0! 
John Zink Series Y Burner | the black. The relation of the results t 
| particle size and chemical nature of the 
surface of the different blacks is dis ) 


Zink Series Y Burners increased 






































































Independently removable fuel guns ° Uninterrupted burner cussed. If tensile strength alone is con 
? . sidered carbon blacks that reinforce na | 
service - Easy to remove fuel guns - Easy to operate - Sim- ural rubber do not reinforce Butvl. 
. . ; | However, when the enhancement 0 
* * sé | ’ ‘ 1° 
ple in construction. ‘‘The Best Center Fired Combination Gas and | other physical properties, such 5902 


_ : ssistance, associated with) 
Oil Burner in the World.’’ ; lus and tear resistance, pee ppenig? 
reinforcement are considered, it can 


said that the types that reinforce naturé 
Write for specifications rubber also reinforce Butyl. The agi 
of carbon black compounds of Butyl . 
good. For best aging the use of furnact 


iN K Cc OM p N y blacks is indicated. 
J Oo a N Z i A Quantitative Determination of Bet 


zene, R. L. BisHop Anp E. LOuISsE age : 
TULSA, OKLAHOMA Lace, Ind. & Eng. Chem., Anal. Ed. ¥ 


(1943) pp. 563-5. 
NEW YORK . . . LOS ANGELES .. . DETROIT .. . SAN FRANCISCO Corson and Brady recently reports, ‘ 
a method for the determination of sma 
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Every Year on American Soil! 


By supplying new death-dealing petroleum spray 
formulas, petro-chemists have helped our farmers 
produce the abundance of food necessary for 
Victory . . . have helped our fighting men elimi- 
nate disease-carrying vermin on many battlefronts. 


What connection has pest control with 
OSTUCO seamless steel tubing? Just this. 
OSTUCO seamless steel tubing is well-known 
in many refineries, and at many wells—in heat 
exchangers, condensers, shell forgings, core 


THE OHTO SEAMLESS TUBE COMPANY 


MANUFACTURERS OF SEAMLESS AND ELECTRIC-WELD STEEL TUBING 


barrels, diamond drill rods and other equip- 
ment. And for the contributions the petro- 
leum industry is planning for a world at 
peace, OSTUCO will supply seamless steel 
tubing to help carry the oil through its 
various processes. With this difference. New 
skills and experience gained from Victory 
production will be applied to give you 
prompt delivery of seamless steel tubing 
with new advantages of long wear, low cost. 


OSE 


**— Buy More War Bonds---— Get In the Scrap---—Write to the Men in the Service--»-— Be On the Job Every Dayl 








and soul of science is its practical application.” 


—Lord Kelvin 
2 PINE CS 





1822-1888 


Rudolf Julius Emman- 
uel Clausius is cred- 
ited with having 
made thermodynam- 
ics a science. He 
was a mathematical 
rather than an experi- 
mental physicist and 
by his restatement of 
Carnot's principle, he 
put the theory of 
heat on a truer and 
sounder basis. 


In 1850, Clausius 
enunciated the sec- 
ond law of thermo- 
dynamics by the well- 
known statement, 
“Heat cannot of it- 
self pass from a 
colder to a hotter 


body." 


Engineering is applied 


science. Perhaps some of the most notable 


engineering achievements are in the field 


of petroleum refining. Here the con- 


trolled, economical application of heat 


demands a specialized engineering skill 


in the design and construction of heaters. 


A pioneer in this field, Alcorn for nine- 


teen years has provided all types of heater 


installations to meet the exacting require- 


ments for the processing of all types of 


petroleum. products. 


ALCORN 


Combustion Company 


SCHAFF BUILDING, PHILADELPHIA 
Los Angeles 


¢ Houston - San Francisco 














amounts of benzene in cyclohex a 
measuring the heat of reaction of 
zene with a nitrating acid. By ma 
a number of changes, both in the me 
and in the design of the apparatu ce 
authors believe it has been possible 
develop a more rapid and practical 5 
cedure. The apparatus and the proced 
in using it are described in some de 
The method affords high precision 
accuracy. The data secured in the 
are presented in tabular and in graph 
form. 
A Spectrophotometric Method for { 
‘Analysis of Multicomponent Mixtup 
and Its Infra-Red Application. Bra 
RASMUSSEN AND CRAVATH, J. Appl. Php 


ics 14 (1943) pp. 418-28. 


An infra-red spectrophotometm 
method for the analysis of multicompe 
nent solutions has been developed @ 
applied successfully to solutions of ¢ 
six C4 paraffins and monoolefins, nb 
tane, isobutane, 1-butene, cis-2-bute) 
trans-2-butene and isobutene. Althou 
the analysis of this Cy mixture is m 
useful, it is only one example of apg 
cation of the method. The method is 
limited to this or other hydrocarbon § 
lutions or even to the infra-red regiong 
the spectrum. In principle it can be ap 
plied to any vapor or liquid mixture, 
is particularly valuable for the rapid 
routine analysis of large numbers @ 
samples containing the same compe 
nents. In accuracy it is at least equal 
standard gas analysis procedures. ] 
monochromatic radiation is used the op 
tical density of a solution is the sum@ 
the optical densities of the component 
The optical density of any component 
can, in accordance with Beer’s law, 
expressed as the product of its mol 
fraction and its extinction coefficiénl 
which is constant for all concentration 
of the component but varies with the 
wave length. Spectrophotometers used 


| in routine analysis and plant control work 
| commonly measure the optical density fora 
| wave-length band of large width, 


analytical accuracy obtainable by d 
mining the extinction coefficients 
each of the n pure components at n GR 


| ferent wave lengths, and the solution Of 
| the appropriate n simultaneous linea 
| equations for the mole fractions is im 
| ited by the degree of deviation tom 


Beer’s law. The accuracy can, howevet 
be improved by a method based ont 

assumption that the optical density of 
mixture equals the sum of the optta 
densities of the components. The prepa 
ration of calibration curves for multe 
component mixtures and the steps m# 

analysis of samples are described in 
tail. The analysis includes four steps 
(1) determination of the optical densities 
at the selected spectral positions undef 
the standard conditions, (2) determié 


| tion of the approximate amount of eat 


component by solving the equations that 
give the mole fraction of each compo 
nent as a linear function of the optica 
densities of the solution measured at the 
n selected spectral positions, (3) correc 
tion of the experimental optical dens 
ties, using mole fractions from the sec 
ond step and the correction charts from 
the calibration, and (4) resolution of the 
equations for mole fractions of the com 
ponents using the optical densities from 
the third step. The average time ft 
quired for the analysis of the 6-comp 
nent C, sample by an experienced oper 
ator is approximately one hour, incluc- 
ing the calculations. The accuracy of i 
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“Gen. Sharron. thinks out loud 


Coming down the assembly line on “A.W.” Rolled Steel Floor Plate, a General 
Sherman tank has plenty of time to “think”—about tough floors that with- 
stand punishing hours of wear to keep war production rolling... about safe 





floors that prevent costly falling accidents. “A.W.” Floor Plate is essential 
in war plants, refineries, railroads and on shipboard. Folder on request. 


Other products include Plates, Sheets, Billets, Blooms, Slabs—Carbon, Copper or Alloy analyses. 


ALAN WOOD STEEL COMPANY 


MAID OFFICE AND MILLS: CONSHOHOCKEN, PENNSYLVANIA : SINCE 1826. District Offices and Representatives: 
Phila elphia, New York, Boston, Atlanta, Buffalo, Chicago, Cincinnati, Cleveland, Denver, Detroit, Houston, 
St. Paul, New Orleans, Pittsburgh, Roanoke, Sanford, N.C., St. Louis, Los Angeles, San Francisco, Seattle, Montreal. 
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PROWECTED BY 
HAERING GLUCOSATES 


Protect your plant against corrosion, the destroyer of piping 
systems, boilers and condensers. Corrosion scale retards heat 
transfer and lowers efficiency. Call in a Haering engineer 
without obligation, and let him show you how Haering 
Glucosates save you money and increase production. Or 
write for these booklets ... . “Organic 
Methods of Scale and Corrosion Control” 
“Water Studies” “Water Treating” WE READ 
WATER 


te oe 


D.W. HAERING & CO., Inc. 


GENERAL OFFICES 
205 West Wacker Drive Chicago, Illinois. 















RECL AMATION STILL 


BY-PRODUCT COKE Cys | 
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RECLAMATION STILLS 


The by-product coke and chemical indus- 
tries can save valuable products with 


HICKS reclamation stills. 


S. D. HICKS & SON CO., INC. 


SHOPS PROCESS DIVISION 
1671 Hyde Park Ave. 145 Border St. 51 E. 42nd Street 
Hyde Park, Mass. E. Boston, Mass. New York City 























determination of one componer ig 5 
percent based on the entire sample, Jp 
15 series for which results are ¢iven the 
average deviation per component de 
termined was 0.23 percent. As © rule it 
is necessary to know the qualitative 
composition of a sample, 


Accelerated Weathering of Bitumi. 
nous Materials—Effect of Operating 
Variables. B. WEETMAN, Proc. Amer, Soe. 
Testing Materials, Preprint No. 84 (1943) 
8 pp. 

A modified Atlas weatherometer was 
used in the conduct of accelerated tests. 
The temperature must be accurately 
controlled in order to obtain reproduci- 
ble results. A black-bulb panel tempera- 
ture of 140° F. is recommended to obtain 
values that adequately distinguish be- 
tween the weathering characteristics of 
different asphalts in the shortest prac- 
tical time. Under normal conditions, am- 
perage, refrigeration temperature, force 
of water washing and surface cleanli- 
ness of the aluminum panels have little 
or no effect on the results. 


Method for the Testing and Evalua- 
tion of Road Tars. E. O. Ruopes anp 
H. E. Grtcanper, Proc. Amer. Soc. Testing 


Materials, Preprint No. 85 (1943) 11 pp. 

A method for.evaluating the weather- 
ing properties of road tars is described. 
It is stated that this agrees with the 
service behavior of the tars. Air at 30° 
C. is passed through a tar-sand mix 
having tar films of 0.0006 mm. thick ap- 
proximately. This is suitable for testing 
the materials that change primarily as 
the result of evaporation. The method 
is not suitable for the evaluation of ma- 
terials that change through oxidation. 
Results obtained by use of the test indi- 
cate that, the softening point of the 
300° C. distillation residue can be used 
to estimate the serviceability of the road 
tar when employed in the proper way in 
construction. This is particularly true of 
the hot-application grades. 


Flow Meter Handbook 


In Sixth Revision 


The sixth revision of “Principles and 
Practices of Flow Meter Engineering,” 
has been completed by The Foxboro 
Company, Foxboro, Massachusetts. New 
and advanced phases of the subject have 
been added by the author, L. K. Spink. 

Information from the publisher reads: 

“The book, 232 pages in length, 1 
illustrated with photographs, diagrams 
and curves, and contains all the tables 
and formulae needed for any ordinary 
liquid or gas flow computation. In the 
Liquid Section, methods for determin- 
ing compressibility factors of liquids at 
temperatures near the critical, a new 
and more accurate method of correlat- 
ing temperature expansion data on pt 
troleum oils, a quick method of correct: 
ing for tap locations, and a short-cut 
method of correcting for viscosity, at 
some of the features. 

The Gas Section suggests several 
methods of correcting for viscosity 
fects. Theoretical discussion, as well # 
working equations and tables for mo» 
ture and super-compressibility, are Pr 
sented. A new and simple type of inter 
mediate pressure device which eliminates 
the by-passing of gas is described. od 
latest findings on the measurement 0 
pulsating gas flows are covered. 

The price is $3. 
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A faster, cheaper and better 
method that thoroughly 





valua- cleans the stubborn, greasy 
S$ AND dirt from refinery equipment. 
‘esting Hot water at 190° combined 
11 op. with a solvent softens the 
al ditt... high pressure tears 
Hib it away... a volume of 1000 
digg gallons per hr. washes dirt 
; the clear of work .. . An invest- 
" 30” ment that pays dividends 
= from the start. 

esting 
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PERMOCHART 


sand Reusable, recording, 


ring,” 

xbor # plastic instrument charts 

t have : * 

cat § that wipe clean with a damp cloth. 

reads @ Avoid delays incident to paper shortage and printing by 
th, 1s supplementing your supply of paper charts with reusable 
grams PERMOCHARTS. Made of Vinylite plastic and available 
tables in white and three I-EZ shades—green, ivory, and blue. 
linary @PERMOCHARTS are being accepted as standard 
n the circular recording instrument charts by leading Petroleum, 
.rmin- Chemical, Food, Public Utility, Iron and Steel industries 
ids at and other fields. PERMOCHARTS are guaranteed for 
| new two years continuous use. 

rrelat- @ We also supply high-quality recording ink in three color: 


yn pe- —purple, green, and red. 
ri 


rrect- @PERMOCHARTS cost less in the long run—actuall: 
rt-cut about 1/5 as much as paper charts. 


oy IN) WORLD WIDE USE 
J» PRICE RANGES (F. 0. B. Sewickley, Pennsylvania) 


Up to 8” —$1.50 each; up to 10’’—$2.00 each; 


on up to ee each + Ink—2 oz. 70c; 8 oz. $2.00 

ad inimum Order—3 Charts 

ell 35 Write for Literature and Quantity Discounts : * 

r ' Tulsa Boiler & Machinery Co. 
‘este <a P E R M 0 C H A R T Company WEST TWENTY-FIRST STREET & UNION AVENUE 

|. The | TULSA, OKLAHOMA 


nt of ae 544 CHESTNUT ROAD 
‘ REFINERY AND NATURAL GASOLINE PLANT EQUIPMENT RECOGNIZED FOR 


SOUND ENGINEERING, ACCURATE SPECIFICATIONS, PRECISION WORKMANSHIP.. 
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We Didn’t Want 
COMUFLCMNY ORIG ES 





UT we needed them for use with 
Yarway Steam Equipment and 
couldn’t find any to suit us. 


Sowe designedthe YARWAY Strainer. 


Apparently a lot of other people were 
having “Strainer trouble” because, with- 
out a line of advertising, the Yarway 
Strainers purchased in a few years now 
number many thousands. 





Why don’t you look into this better 
Strainer for your money ? Buy one from 
your supply house (over 100 Mill Sup- 
ply Houses now have them). 


See its protection against corrosion— 
cadmium plating inside and out. 





Examine its high grade Monel woven 
wire screen that stops dirt—lets con- 
densate or other fluids flow freely. 





Notice the removeable blow-off bush- 
ing. Screen and bushing come out to- 
gether—go back together, automati- 


cally aligning. 
Six standard sizes from 1" to 2" for 


pressures to 600 Ib. 


See your Mill Supply House 
or write for Bulletin S-200. 


YARNALL-WARING COMPANY 
128 Mermaid Ave. PHILADELPHIA 


YAR WAY 
SUL Ta 








Shaffer Named Engineer of 
H. K. Porter Company 


Victor P. Shaffer has been appointed 
engineer in charge of design for the 
process division of 
H. K. Porter Com- 
pany, Pittsburgh. He 
also will be iri charge 
of the expanded pro- 
gram of development 
and research now be- 
ing launched by the 
Porter organization. 

Shaffer is a gradu- 
ate of the University 
of Colorado and has 
been engaged in de- 
sign work in connec- 
tion with chemical 
and processing in- 
dustries for the past 
10 years. He was 
with Calco Chemical Division of Ameri- 
can Cyanamid Corporation in charge of 
development and plant layout. 

He is a member of the American In- 
stitute of Chemical Engineers. 


Jack A. Knebel Member of 
Tulsa Engineering Firm 


Jack A. Knebel has been appointed 
general manager of the Process Equip- 
ment Division of 
Southern Supply, In- 
corporated, Tulsa. 
The Process Equip- 
ment Division is a 
new department of 
equipment and engi- 
neering service 
offered by the com- 
pany. The division 
will represent a num- 
ber of nationally 
known equipment 
manufacturers. 

Knebel has_ been a 
for the past five J. A. Knebel 
years general man- 
ager of the resale products of the 
Joseph A. Coy Company. In 1942 he 
was treasurer of the National Gasoline 
Supply Men’s Association and this year 
was elected its vice president. 


V. P. Shaffer 


Terbell Is Promoted 
By American Manganese 


Joseph B. Terbell has been named first 
vice president of American Manganese 
Steel Division of 
American Brake 
Shoe Company, 
with which he has 
been connected for 
the past 15 years. He 
has been a vice presi- 
dent since 1940. 

After graduation 
from Sheffield Sci- 
entific School, Yale 
University, in 1928, 
he joined the com- 
pany in October as 
an apprentice in the 
Chicago Heights 
plant. After two 





J. B. Terbell 


years he entered the Chicago sales of- 
fice. In 1931 he was transferred to the 
Ramapo-Ajax Division but he returned 
to American Manganese Steel’s New 
York office the following year. 

In 1933 he moved to St. Louis as man- 





x BUSINESS NOTES 








ager of the alloy department. Two 
years later he went back to Chicago jn 
the sales department. For a brief time 
in 1936 he was with the American Forge 
Division. Upon returning to Amsco in 
1937 he went to the New York office as 
Eastern sales manager. He was elected 
a vice president in 1940. 


Industrial Goods Made 
From Synthetic Rubber 


The Goodyear Tire & Rubber Com- 
pany, Akron, has converted the major 
portion of its line of industrial rubber 
goods from natural to synthetic rubber. 
Among the products now being made 
from the synthetic product are: trans- 
mission, conveyor and elevator belts; 
hose V-belts, rolls of all kinds, molded 
products and similar materials. 

“In many instances,” said W. C. Win- 
ings, manager of the Goodyear me- 
chanical goods division, “exhaustive 
tests of these products, in which syn- 





EAGLE BLANKET 
Srrvitatie 


For Temperatures up to 1200° F. 


Manufactured from gray mineral slag 
wool—water repellent—fire proof—vill 
not deteriorate. Readily obtainable in 
any thickness for immediate shipment. 


The INDUSTRIAL INSULATORS 


HOUSTON, TEXAS * SHREVEPORT, LA. 




















**BAKORINGS” 


SAVE LINERS 


Plastic material of these piston rings is practically 
self-lubricating, hence temporary loss of lubricant 
will not affect life of liners or rings. Plastic allows 
rit and scale to become embedded saving liners 
rom abrasive scraping. 

Basic material made by General Electric Co. 


Leading companies find Bakorings save money. 


Quick Delivery . . . Write for 
Folder and Prices 


t, Fiat. 
PORE G PRR oe 


ra cork f 0 8 A Tee 
1020 HOUSTON, AVENUE 


HOUSTON, TEXAS 
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H,S0,...H,S,0, What determines 


Two 
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“I|Na,S...HC,H,0, | Gauge Glass life? 


q need sturdy TABER 
con Vertical Chemical Pumps 




































eds CAE Rae A iaaman tes O80 


najor 

tbber 

en Ordinary sump pump construction is 

rans- not satisfactory for pumping chemical 

tre solutions. This fact has been proved Y 
by Taber over many years’ experience 

bo with some of the largest chemical 

= plants. From this priceless experience 


Taber has designed a series of verti- 


cal chemical pumps suitable for most 


The life of a Gauge Glass depends 


upon the glass from which it is made, 


any processing system. Write for help- 
ful new Bulletin V-837. 


TABER PUMP CO, 


Est. 1859 


_ 277 Elm St. Buffalo, N. Y. 





the precision with which it is manufac- 
tured and the installation. 


A Pyrex brand Gauge Glass will 
withstand the shock of temperature i 











changes that would instantly shatter an 








ag 
il ordinary gauge glass. It resists the 
in . 
chemical attack of steam and, therefore, 
is 
retains its transparency. Special ma- 
— chines draw these gauge glasses to 
RS uniform accuracy which reduces instal- 
lation to a very minimum. 

r, LA. 
— That is why you can depend upon 
a A ducti . : 

jrom an actual #LYREX Gauge Glasses to give long time 

unretouched 

color. photo- service. 
y graph which 

illustrates the 

appearance of 

the Pyrex 

Broad Red 

Line Gauge 

Glass from di- 

rectly in front. 
19 
4% Prefabricated: pipe bends for high pressure service shown on location Corning Standard Gauge 

Glasses 

ically 3) EARS For low pressure service specify 


allows CorNING Standard Gauge Glasses. 
- = xX p E od ; & i] € & They are made to the same precise 

tolerances as are Pyrex High 
si In Exacting Pipe Fabrication Pressure Gauge Glasses. 


Stocked by all leading steam and 
TEXAS mill supply houses. 


[P Glass 
, [P [E [Ee IN [1D] IN G ““PYREX” and “CORNING” are registered trade-marks and indicate manufacture 


COMPANY ' by Corning Glass Works 
tpe Fabilimiie URNTNG 
We. BUINNN Pyrex Gauge Classe: 


HOUSTON, TEXAS Woodcrest 6-2659 


Se EI RN ateemaianl 
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Corning Standard Gauge 
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“STRONGER 
CLEANER 


NON-SLIP TREAD 
GREATER SAFETY 


@® That unretouched photo- 
graph of a small section of BATES > 
GRATES OPEN STEEL FLOORING gives 
you 3 important reasons for speci- 
fying BATES+ GRATEs for your open 
steel flooring. 

Extra strength, cleanliness and 
safety are due to the low-tempera- 
ture, pressure-welding of cold rolled 
steel HEX cross bars to main bars. 
These qualities are obtainable only 
by using this design and process 
and they cost nothing extra. 


EF BATES*GRATES 


for interesting, 
well-illustrated 
8\%"x11" booklet 
that gives ‘you 


& 
all the facts. 4 


WALTER BATES COMPANY, INC. 
JOLIET + ILLINOIS 
OPEN STEEL FLOORING + STAIR TREADS 











thetic rubber was used instead of nat- 
ural, have shown the former to be su- 
perior. This applies particularly to prod- 
ucts where resistance to oil, acids, de- 
tergents and similar materials is 
desirable. In addition we have found 
that synthetic rubber for mechanical 
rubber goods also withstands wider 
temperature ranges. 

“Although this program is now cul- 
minated to a certain extent, we are con- 
tinuing our research and development 
work to improve synthetic rubber’s per- 
formance by compounding and other 
means wherever improvement is 
possible.” 


Cutler-Hammer Names 
Topliffe Boston Manager 

C. V. Topliffe has been named man- 
ager of the Boston office of Cutler- 
Hammer where he replaces W. E. Ad- 
dicks, who has been transferred to New 
York as district manager. 

Topliffe went into the main plant of 
Cutler-Hammer at Milwaukee in 1924 
following graduation from Cornell uni- 
versity. Later he was transferred to the 
sales department. He had been in the 
Boston office previous to becoming 
manager there. 


Rippie to Supervise 
Diamond Technical Service 


Dr. C. W. Rippie has been appointed | & 


supervisor of the technical service of 
Diamond Alkali Company, Pittsburgh. 


| His headquarters will be at Painsfield, 


Ohio, where the research and develop- 


ment laboratories of the company are | 
| located. 


Republic Names Craig 


| For Los Angeles Post 


Harvey A. Craig has been appointed 


district sales manager of Republic Steel | 


Company in Los Angeles. The appoint- 
ment was announced by N. J. Clarke, 
vice president in charge of sales, who 
also announced that Arthur C. Geldner 
will be assistant sales manager for the 
district. f 

Craig was formerly vice president of 
Rheem Manufacturing Company, Rich- 


| mond, California. 


| Harry A. Erb Joins 

| Worthington Organization 
| _Worthington Pump and Machinery | 
Corporation announces that Harry A. | 
| Erb has joined the organization as serv- 


ice manager of the Moore Steam Tur- | 
New York. | 


bine Division, Wellsville, 
A 1928 graduate of Cornell University, 


his experience covers the servicing of | 
| steam turbines, electric generators and | 


all related equipment. 


| Clark to Manage Office 


Of Walworth Company 
E. Leland Clark has been named 


manager of sales in the Dallas, Texas, | 
office of Walworth Company. He suc- | 


ceeds Chester L. 
recently. The appointment 
nounced October 20 by Fred W. Duem- 
ler, vice president. 


Brown Named Deputy 
Director of WPB 


Richard P. Brown, chairman of the 


| board of Brown Instrument Company, 
| Philadelphia, and vice president of Min- 
| neapolis-Honeywell 


Regulator Com- 
pany, has been named deputy director 


| of the War Production Board, Third 


Region. For the past 18 months he had 








Bradbury, who died | 
was an- | 





If you need dependable Turbine re. 
pairs in a hurry, call us. We are com. 
pletely equipped to repair and dy- 
namically balance turbine rotors and 
any High Speed rotating elements in 
our modern shops. 

25 Years Successful Experience 


vid or paste --° tor 


nt Maintenance 


Se 


liq 
Equipme 


A new approach to water treat- 
ing problems for: Refineries * 

. Recycling Plants * Gasoline Plants 
* Boilers * Circulating Systems * 
Towers * Condensers . . . all 
equipment requiring scientific water 
treatment. 


PROOF: Fourteen years develop- 
ment on a new idea that is saving 
time, money, and trouble for lead- 
ing companies. 


Write... Wire... Phone 


CHEMICAL COMPOUND C0 


2911 RUSK AVE. P. O. BOX 2222 
HOUSTON, TEXAS 


APPROVED 
INSULATION 
CONTRACTORS 


SPECIALISTS: in the application of 
all types of industrial insulations. 


REPRESENTATIVES: of Eagle-Picher 
Sales Company, Union Asbestos & 
Rubber Company, and Norristown" 
Magnesia & Asbestos Company. 


— Call or write — 


The INDUSTRIAL INSULATOR 


SHREVEPORT, ‘ 








A 


HOUSTON, TEXAS *® 
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Readability is only 


one advantage of the 
All-Metal 
TEMPERATURE GAUGE 


The WESTON gauge-type thermometer is far 





more readable. But the big point is that seein’s 
believin’ whenever you read a WESTON. Be- 
cause its high initial accuracy (1% over the 





entire scale) is maintained over long periods 
of time. The reason is... even the temperature 
element in the WESTON is all-metal! There is 





no gas, no liquids, no fragile parts. Thus it can 
withstand vibration or other mechanical abuse 
without damage or without affecting its accu- 
tacy. It’s easier to install, too, and no correc- 
tions are necessary for capillary or elevation. 

Booklet describing these rugged and de- 
pendable thermometers, including types, stem 
of lengths, prices, etc., gladly sent on request. 
» Weston Electrical Instrument Corporation, 
er 655 Frelinghuysen Avenue, Newark 5, N. J. 


WESTON 


Ht) @ ALL-METAL TEMPERATURE GAUGES 
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Hydrofluoric Alkylation 
makes important use of 





New refinery unit for 
Hydrofluoric Alkylation. 
Photograph courtesy of 
Phillip’s Petroleum Co. 


* 
6 
eo 
yw As a Satisfactory desic- 


cant and adsorbent for 

exacting technical pro- 
cesses like hydrofluoric alkylation, FLORITE 
is approved by leading industrial concerns. 
The modern plant here illustrated is typical of 
the extent, complexity, and very highly special- 
ized character of installations devoted to such 
refining processes. 


FLORITE is remarkable for its long-term effec- 
tiveness, which favors economical operation in 
the drying of propane, butane, air, nitrogen, 
carbon dioxide, refrigeration compounds, and 
other fluids. Write for data. Specific inquiries 
are welcomed by the manufacturers. 






FLORIDIN COMPANY, INC. 
ADSORBENTS 





Warren, Pa. 








SATISFY 
YOURSELF... 


CL/Fo-9 seems to freeze fire with 
a chilling blanket of carbon di- 
oxide. It is safe and efficient on 
all fires including electrical, oil, 
gasoline, and chemical. 


GD/FeP leaves no after-fire 
mess. Carbon dioxide is a vapor, 
odorless, tasteless, harmless. It is 
equally effective in hot weather 
and at sub-zero temperatures. 


GI/Feg is a product of The 
General Detroit Corp., manufac- 
turers of chemical fire extin- 
guishers and allied apparatus 
since 1905—producers of S.O.S. 
Fire Guard, Alaskan, Floafome, 
and other famous brands. Gen- 
eral Detroit’s known record in 
quality mass production is your 
assurance of prompt delivery for 
essential requirements. 


Fire Protection is Victory Effort! 


THE (GENERAL [JETROIT (FORP. 


Former Name The General Fire Truck Corp. 
New York °¢ DETROIT ¢* Chicago 
West Coast Affiliate: THE GENERAL PACIFIC CORP. 

















SEATTLE e LOS ANGELES @ SAN FRANCISCO 
Distributors in all principal cities 
t — ee ee ee ee ee ee ee ee eee —e|NO oT 
| THE GENERAL DETROIT CORP. 
| 2222 East Jefferson | 
] Detroit, Mich. | 
| Please rush details on and | 
| ethers in your complete line of fire | 
| extinguishers. | 
Name | 
| 
Title } 


Tear out this simplified coupon and 
attach to your letterhead. 









been serving as regional consultant to 
the Defense Plant Corporation. 

His new duties will include mainte- 
nance of maximum production in plants 
engaged in war work and in co-ordinat- 
ing of efforts in the production drive of 
the Labor and Management Consulta- 
tion Division of WPB in, Pennsylvania, 
New Jersey, Delaware,7Maryland and 
Virginia. He will act as‘ liaison officer 
on all manpower problems in which 
WPB is interested. 


H. M. Gwyn, Jr., Is With 
Attapulgus Clay Company 


H. M. Gwyn, Jr., lias joined the tech- 
nical division of Attapulgus Clay Com- 
pany, Philadelphia. He will work in 
the field of contact and distillation treat- 
ment of aviation lubricating oils and 
waxes, and the filtering and purification 
of oils going into soaps, shortening and 
paints. 

Gwyn received a degree in chemistry 
at the University of Pennsylvania in 
1936, and then became associated with 
the Filtrol Corporation in laboratory 
and sales development work in petro- 
leum, vegetable and animal oil tech- 
nology. He was made assistant to the 
sales manager of the company in 1938 
and became Eastern manager in 1941. 

He is a member of the American 
Chemical Society and the American Oil 
Chemists Society. 


Tube Turns Opens Two 
Offices on West Coast 


Opening of two new West Coast of- 
fices by Tube Turns, Louisville, has 
been announced. T. H. Pike, Jr., district 
manager for the area, now has head- 
quarters at 2511 Russ building, San 
Francisco. 

Since October 15 a second office has 
been maintained at room 422 A Smith 
Tower Building, Seattle, 4, Washing- 
ton. John M. Hartley, formerly of the 
Los Angeles office, will handle mat- 
ters pertaining to Washington, Oregon 
and British Columbia. The ‘Los Angeles 
office was closed October 15. 


Timken Roller Bearing Company 
Announces Staff Changes 


Whitley B. Moore was appointed di- 
rector of sales for all divisions of The 
Timken Roller Bearing Company of 
Canton, Ohio. He has been with the 
company since the end of the last war, 
in which he served in the Navy. 

C. H. McCollam succeeds Moore as 
general manager of the Timken Steel 
and Tube Division. After a few years in 
the chemical research department of 
General Electric Company, he went with 
Timken in 1918 as a control analyst. In 
1925 he was made chief chemist and 
since that time has contributed largely 
to the developments made by the com- 
pany for steel for specialized industries. 
Since 1940 he has been assistant general 
sales manager of the Steel and Tube 
Division. 


Burrell Technical Supply 
Company Elects Officials 


Officials of Burrell Technical Supply 
Company, Pittsburgh, have been elected 
as follows: G. A. Burrell, president; 
G. H. Burrell, vice president and gen- 
eral manager; C. S. Steenson, secretary 
and treasurer. 

The board of directors also named 
R. M. Arnold, manager of sales and E. 
Dollhopf, manager of purchases. 










a ‘ Se 


LIQUIDATING 


OLNEY OIL & REFINING (0, 
OLNEY, TEXAS 














Complete topping and cracking 
unit, pumps, tanks, valves and — 
fittings, instruments, pipe, tow- 4 
ers and vessels. Entire plant 
being sold, all or any part. In- 
ventories now available. Send us 
your inquiries. 


AT 21st STREET 
LSA 


N AVE. 








FRASER-BRACE ENGINEERING | 
COMPANY, INC. 


Design, construction and installation 

of complete plants and projects 
Mechanical, Heavy Industries, Shipbuilding, | 
Hydro-Electric Developments, Power Plants, 
Chemical and Refining Plants, Process Industries, | 
Metallurgical Developments and Processes, Ex- 
plosives, Plastics, Water Supply and Treatment, 
Sewage and Industrial Wastes Treatment. 


Reports - Appraisals - Consulting 


10 EAST 40th STREET 
NEW YORK 16, N. Y. 








Knock engine operator with considerable ex- 
perience on 3C engine wanted by Magnolia 
Petroleum Co. for laboratory near Dallas. Give 
details of experience, salary expected, and in- 
clude small photograph. If employed in essential 
activity do not apply. Address Box 907, ¢/0 
Petroleum Refiner, Houston, Texas. 
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Chemical plant in Detroit area wants = 
perienced or recently graduated mechanl- 
cal and chemical engineers. Also men who 
expect degrees in the near future. Impor- 
tant defense work. Write giving references, 
education, experience and salary desired. 
Must qualify under WMC regulations. Box 


33, c/o Petroleum Refiner, Houston, Tex. 
os 





— os 











WANTED—Draftsmen with experience i 
piping, chemical plant equipment and 
general plant layout for work in chemical 
plant in metropolitan Detroit. Also drafts- 
man experienced in electrical layout work. 
Write full details and salary desired. Box 


40, c/o Petroleum Refiner, —e 
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